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(54) METHOD FOR STABIUZING USEFUL PROTEINS AND USEFUL PROTEIN COMPOSITIONS 



(57) A method for stabilizing useful proteins charac- 
terized by mixing the useful proteins with aqueous solu- 
tions of compounds having a fundamental structure of 
arabic acid; and stabilized useful protein compositions 
wherein the useful proteins contain compounds having 
a fundamental structure of arabic acid. It is preferable to 
use acacia as the compounds having a fundamental 
structure of arabic acid, while the useful proteins are 
typified by cytokines. This method is particularly effica- 
cious in stabilizing interferons. Also, processes for pro- 
ducing and stabilizing canine interferon^ are disclosed 
in detail. 
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Description 

Tflftniffil Field 

[0001] The present invention relates to a method of stabilizing and preserving a useful protein, and a composition 
capable of stably holding the biological activity of a useful protein. Particularly the present invention relates to a method 
of stabilizing and preserving a useful protein, particularly, interferon of a mammal such as a dog or cat, and a compo- 
sition capable of stably holding the activity thereof. 

Background Art 

[0002] Proteins, particularly enzymes, useful proteins having biological activity, and the like can be mass-produced at 
low cost by gene recombination technology, and are thus used in various fields, particularly medicines, diagnostics, and 
foods. On the other hand, proteins are inactivated when the primary structure thereof is damaged due to degradation, 
and the function thereof greatly depends upon the higher-order structure. Therefore, proteins also have a problem in 
that the higher-order structure is easily destructed due to various outer factors (temperature, changes with time, light, 
and pH) depending upon the types of proteins, thereby losing their function (biological activity). Thus, researches are 
made on a method of stabilizing the higher-order structure of a protein, and maintaining the biological activity thereof. 
[0003] At present, a useful general method of stabilizing a protein comprises mixing with another protein (gelatin, 
albumin, serum, collagen, or the like). Mixing with gelatin or serum permits preservation for a relatively long period of 
time, and there are many known drug products of enzymes and biologically active proteins produced by such a mixing 
method (Japanese Unexamined Patent Publication Nos. 2-264728, 2-49734, 54-80406, and 56-68607). 
[0004] Description is made of stabilization of interferon (IFN) which is a biologically active substance having an immu- 
nomoduiation action, and an antiviral action and which attracts attention in medical applications. Japanese Unexamined 
Patent Publication Nos. 60-228422, 60-34919, 61-137828 and 60-260523 disclose a stabilization method comprising 
mixing with albumin or gelatin. Examples of known compounds having the protein stabilizing action other than proteins 
include saccharides, particularly monosaccharides, disaccharides. and polysaccharides such as dextran and hydrox- 
yethyl starch (Japanese Unexamined Patent Publication Nos. 59-181223, 61-44826 and 60-155136 and Japanese 
Examined Patent Publication No. 6-51641), cyclodextrin, and polyhydric sugar alcohols (Japanese Unexamined Patent 
Publication No. 58-92691, and Japanese Examined Patent Publication No. 3-500882). There is also a method of mak- 
ing dominant a dimer of IFN-y having high activity using lactobionic acid (Japanese Examined Patent Publication No. 3- 
501604). 

[0005] There are many reports of mixtures of gum arabic and proteins in which an aqueous gum arabic solution is 
used as a dispersing agent for a medicine (Japanese Unexamined Patent Publication No. 6-321803). (However, there 
are also special report examples including an example in which in production of an antiboy, the amount of the antibody 
produced is more increased by administering a mixture of a protein as an antigen and gum arabic than by administering 
a protein alone (Japanese Examined Patent Publication No. 58-23847), an example in which anti-cancer activity is 
increased by a combination of an anti-cancer drug and a significant amount of gum arabic (Japanese Examined Patent 
Publication No. 3-127740), and an example in which the efficiency of transport of a drug (polypeptide) to specified cells 
is increased by synthesizing a complex of the drug and gum arabic (the specification of U.S.P. No. 5554386). However, 
there is not known method of stabilizing a useful protein, and no useful protein composition stabilized by mixing with 
gum arabic. 

[0006] When a protein is used as a medical additive, particularly an additive for an injection drug, the additive itself is 
a heterogeneous protein for living organisms, and thus possibly causes allergy depending upon the amount of the addi- 
tive added. Further, for gelatin derived from cattle and known as a protein which can be added to medicines for various 
purposes, it is difficult to securely avoid mixing with a protein which causes Bovine Spongiform Encephalogaphy. As 
described above, various problems are pointed out. Therefore, there is demand for a compound other than protein, 
which is atoxic to living organisms, and which has the action to stabilize a protein. Known examples of such compounds 
include saccharides, polyhydric alcohols, and the like. However, it is difficult to stably maintain a biologically active pro- 
tein in a storage form such as an aqueous solution or a freeze-dried solid in a wide pH range, and thus a stabilizer hav- 
ing higher safety and effect is required. 

Pisclpsure pf Invention 

[0007] As a result of intensive research, the inventors found that the activity of a protein can be stably maintained by 
mixing a useful protein and an aqueous solution of gum arabic having the basic structure of arabic acid. It was also 
found that a useful protein composition obtained by freeze-drying the mixture solution maintains high biological activity, 
leading to the achievement of the present invention. 
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Brief DreyiptiQn pf feg Drawings 
[0008] 

5 Fig. 1 is a drawing showing the construction of an ultraviolet irradiation apparatus used in the present invention. 

[0009] Reference numerals 1 to 5 respectively denote the following: 

1 body of ultraviolet irradiation apparatus 
io 2 sterilization lamp 

3 casing 

4 pump 

5 insect hemolymph containing vaculoviruses 

15 Bes t Mode for ta rrying Out the Invention 

[0010] The useful protein of the present invention is not limited, and any proteins can be used as long as the activity 
thereof is not inhibited by a compound having the basic structure of arable acid. Examples of such proteins include 
enzymes and proteins having biological activity, for example, such as interferon, interleukin, insulin, growth hormone, 
20 G-CSF, erithropoietin, NGF, and the like. Further examples include interferon derived from animals, such as canine 
interferon (a, p, and y types), feline interferon-©, and the like. 

[001 1] For example, canine interferon-/ is a polypeptide having the amino acid sequence shown in Reference 1 . How- 
ever, the useful proteins of the present invention also include polypeptides in which the amino acid sequences are par- 
tially substituted or deleted, or some amino acid residues are added, as long as they have the basic biological activity 
25 of interferon-y for cells derived from dogs, for example, canine MDCK cells (ATCC CCL-34), as shown in Reference 2. 
An example of such polypeptides is a polypeptide composed of a maturation protein having the amino acid sequence 
shown by Sequence No. 3. Another example is canine interferon^ composed of such a maturation protein as shown by 
Sequence No. 27 in which the sugar chain bond site is deleted. 

[0012] Other examples include canine interferon-? composed of such a maturation protein as shown by Sequence 
30 Nos. 28 and 29 in which the C terminal is deleted, and canine interferon-y as shown by Sequence No. 30 in which an 
amino acid is added to the N terminal. 

[001 3] Although feline interferon is composed of a polypeptide having the amino acid sequence disclosed in USP No. 
5508921 , the useful proteins of the present invention also include polypeptides in which the amino acid sequences are 
partially substituted or deleted, or several amino acid residues are added. 

35 [0014] The canine interferon-y and feline interferon used in the present invention may be extracted from natural bio- 
materials and further purified to the required purity level, or may be chemically synthesized. However, interferon pro- 
duced by using the gene recombination technology can easily industrially be used. The useful proteins of the present 
invention can be produced by the gene recombination technology according to the procedure of a conventional method. 
For example, the both ends of a DNA fragment cording for a useful protein are digested with a restriction enzyme, and 

40 inserted into an appropriate region of a replicable plasmid, and the plasmid is introduced into cells in which it is suffi- 
ciently replicated. 

[001 5] DNA coding for the protein of canine interferon^ required for producing canine interferon-? by the gene recom- 
bination technology can be produced by, for example, the following method. Poly (A) RNA is extracted from canine cells, 
and converted into cDNA, and a gene coding for canine interferon^ can be obtained by polymerase chain reaction 

45 (abbreviated to "PCR" hereinafter) using a primer based on a gene sequence coding for canine interferon-y. An exam- 
ple of methods of obtaining RNA from canine lymphocytes stimulated by a mitogen is a conventional method using, for 
example, separation of polysome, sucrose density gradient centrifugation, or electrophoresis. As the method of extract- 
ing RNA from the canine cells, an appropriate method can be selected from methods including a guanidine thiocyanate- 
cesium chloride method (Reference 3) comprising guanidine thiocyanate treatment and then CsCI density gradient cen- 

so trifugation, a method (Reference 4) comprising treatment with a surfactant using a vanadium complex in the presence 
of a ribonuclease inhibitor and then phenol extraction, a guanidine thbeyanate-hot phenol method, a guanidine thiocy- 
anate-guanidine hydrochloride method, a guanidine thiocyanate-phenol chloroform method, a method comprising treat- 
ment with guanidine thiocyanate and then treatment with lithium chloride to precipitate RNA. and the like. 
[0016] mRNA is isolated from the canine lymphocytes by a conventional method, for example, a lithium chloride/urea 

55 method, a guanidine isothiocyanate method, an oligo cfT cellulose column method, or the like, and cDNA is synthesized 
from the thus-obtained mRNA by a conventional method, for example, the Gutter's method (Reference 5), the H. 
Oakayam's method (Reference 6), or the like. Although cDNA may be synthesized from the mRNA by basically using a 
reverse transcriptase such as avian osteoblast viruses (AMV). and partially using a primer in combination with a method 
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using DNA polymelase, rt is convenient to use a commercial synthetic or cloning kit. PCR using the cDNA as a template 
and the primer based on the base sequence of canine interferon^ permits the production of DNA coding for the protein 
of canine interferon-y. 

[001 7] DNA coding for the protein of feline interferon can easily be prepared from the plasmid pFelFNI disclosed in 
5 Japanese Unexamined Patent Publication No. 2-1 95884 using an appropriate restriction enzyme, for example, such as 
S/aNi and Hinc II, according to the procedure of conventional gene recombination. 

[001 8] A synthetic plasmid as a expression plasmid vector in which the thus-obtained DNA is introduced into is intro- 
duced into, for example, simian COS cells to produce canine interferon-?. Also DNA coding for the protein of canine 
interferon-y is ligated to a e^qpression vector of Escherichia coli so that canine interferon-y producing Escherichia coli 

io can be produced by transformation with the thus-obtained vector. In addition, a gene coding for the protein of canine 
interferon-y is introduced into Escherichia coli having resistance to isoleucine antimetabolite and the ability to secrete 
the protein accumulated in the periplasm into a culture supernatant to accumulate canine interferon-y in the culture 
supernatant. As Escherichia coli used for producing canine interferon-y in the culture supernatant, any Escherichia coli 
bacteria can be used as long as they secrete periplasm proteins into the culture supernatant. Escherichia coli having 

15 the properties used in the present invention can be naturally obtained, but Escherichia coli having the above properties 
can easily be obtained by artificially obtaining a mutant according to the present invention. A parental strain for isolating 
a mutant is not limited, and any Escherichia coli strain can be used as the parental strain. However, for producing gene 
recombination proteins, HB101, JM101, JM105 and JM109 which are derived from Escherichia coli K-12 strain having 
excellent properties as a gene recombination host, BL21 strain derived from Escherichia coli B strain can be preferably 

20 used. As these Escherichia coli strains, commercial strains can be used. As the Escherichia coli used in the present 
invention, for example, TI41 strain (FERM P-16798) and TI139 strain (FERM P-16797), which are obtained from 
Escherichia coli JM101 strain, can be used. Escherichia coli TI41 and TI139 strains are obtained by conventional muta- 
tion method, and have resistance to thiaisoleucine. A mutant having resistance to isoleucine antimetabolite and the abil- 
ity to secrete the protein accumulated in the periplasm into the culture supernatant can be induced by ultraviolet 

25 irradiation of a parental strain or treatment with a mutation inducer, for example, such as N-methyi-N'-nttro-N-nitro- 
soguanidine, ethyl methanesulfonate, or the like, and then obtaining a strain which can grow in a solid medium contain- 
ing a concentration of isoleucine in which the parental strain cannot grow. Gram-negative enterobacteria belonging to 
Providenchia. Shigella. Serratia. and Crtrobacter. which are close to Escherichia coli from the viewpoint of the taxonomy 
of microorganisms, are known to have periplasm as same as Escherichia coli. and highly similar thereto in genetic 

30 structure. Therefore, the same effects as the present invention can be possibly expected from enterobacteria having 
resistance to an isoleucine antimetabolite and the ability to secrete the protein accumulated in the periplasm into the 
culture supernatant. 

[001 9] As the isoleucine antimetabolite in the present invention, any substances may be used as long as they inhibit 
the growth of Escherichia coli. and the inhibition of growth is recovered by L-isoleucine, or they inhibit the activity of an 
55 isoleucine biosynthetic enzyme or repress the expression of an enzyme gene, and the inhibition or repression is recov- 
ered by L-isoleucine. Examples of such substances include thiaisoleucine, isoleucine hydroxyamate, norieucine, a-ami- 
nobutylate, and the like. As these substances, commercially available substances can be used. Of these substances, 
thiaisoleucine is most preferably used. 

[0020] In the present invention, a strain having the resistance to the isoleucine antimetabolite represents a strain 
40 which grows in a degree less decreased by the isoleucine antimetabolite than the parental strain. For example, at a con- 
centration of isoleucine antimetabolite at which the parental strain shows a relative growth degree of 30% or less, a 
mutant showing a relative growth degree of 60% or more is preferably obtained. The relative growth degree is shown 
by a relative value of the measured absorbance of a culture solution at 660 nm to 1 00% of absorbance of a culture solu- 
tion to which an isoleucine antimetabolite of each strain is not added. 
45 [0021 ] Canine interferon^ and feline interferon can also be produced by preparing recombinant Bombyx mori nuclear 
polyhedrosis viruses which infect Bombyx mori. using a Bombyx mori expression system. The recombinant Bombyx 
mori nuclear polyhedrosis viruses can be produced by co-transfection of Bombyx mori nuclear polyhedrosis virus DNA 
and a recombinant plasmid, which is produced by ligating DNA coding tor the protein of feline interferon or canine inter- 
feron^ to a cloning vector of Bombyx mori (Reference 7), into Bombvx mori established cells. Examples of such gene 
so recombinant nuclear polyhedrosis viruses include rBNVl 00 to which DNA coding for the protein of feline IFN is recom- 
bined, rBNVy to which DNA coding for the protein of canine IFN-y is recombined. 

[0022] rBNVl 00 can be produced by the method disclosed in Japanese Unexamined Patent Publication No. 4- 
2071 98. Namely, a recombinant plasmid is produced by a genera! gene operation technology in which DNA coding for 
the protein of feline IFN obtained from a plasmid extracted from a transformant of Escherichia coli deposited as FERM 
65 P-1633 in National Institute of Bioscience and Human Technology by a general method, is ligated to the downstream of 
a expression regulating portion of a Bombyx mori cloning vector, for example, such as pBM030 (Reference 7) or the 
like. 

[0023] After co-transfection of the recombinant plasmid and Bombyx mori nuclear polyhedrosis virus DNA (Reference 
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7} into Bombvx mgri established cells, for example, BM-N strain (Reference 7), by the method disclosed in this Refer- 
ence, culture is continued, and then recombinant viruses are cloned from non-recombinarrt (wild) viruses and recom- 
binant viruses manifested in the culture solution by a general method such as a limiting dilution analysis or a plaque 
method to obtain recombinant nuclear polyhedrosis viruses. Since recombinant viruses has no ability to form polyhe- 
5 dra, they can easily be distinguished from wild viruses. rBNVy can be obtained by the same method as rBNV100 using 
the recombinant plasmid obtained by joining DNA coding for the protein of canine interferon^ to the downstream of a 
expression regulating portion of a Bombvx mori doning vector such as pBM030. 

[0024] Feline interferon or canine interferon-y is produced by growing the recombinant nuclear polyhedrosis viruses 
in Bombvx mori established cells or Bombvx mori living organisms. In the use of the Bombvx mori established cells, BM- 

w N cells are infected with a culture solution containing the recombinant viruses, and then cultured by plate culture or float 
culture. As a culture medium for culturing BM-N cells, for example, a TC-10 medium (Reference 8) containing fetal 
bovine serum (produced by Gibco Co., Ltd., and abbreviated to "FBS" hereinfater), and a TC-100 medium (produced 
by Nihon Nosan-kogyo Co., Ltd.) can be used. The culture temperature is preferably 25 to 28°C. 
[0025] In the use of Bombyx mori organisms, a culture solution containing the recombinant viruses is injected into 

is larvae of Bombvx mori which are then fed on artificial feed to produce feline interferon or canine interferon^ in the 
he mo lymph. 

[0026] The stabilized useful protein composition disclosed in the present invention is expected to be used as a drug. 
Particularly, in producing a drug by the method of producing a useful protein using vaculoviruses, it is necessary from 
the viewpoint of safety to inactivate the recombinant vaculoviruses used. For inactivating the recombinant Bombyx mori 
20 nuclear polyhedrosis viruses for producing a useful protein, it is necessary to lose the inf ectiosity of the vaculoviruses 
and maintain the activity of the intended useful protein. 

[0027] Inactivation of Bombyx rj&rj nuclear polyhedrosis viruses which are vaculoviruses is reported in detail by 
Watanabe et al. (Reference 9). However, a protein is denatured under physical inactivation conditions such as heating, 
ultraviolet rays, drying, or the like, and chemical inactivation conditions such as a bacteriocide such as phenol or forma- 
25 lin, alcohol, or the like, which are disclosed in this Reference, and it is thus difficult to use these conditions for producing 
a useful protein. This report also relates to inactivation of wild Bombyx mori nuclear polyhedrosis viruses, and does not 
disclose inactivation of recombinant Bombvx mori nuclear polyhedrosis viruses. 

[0028] Japanese Unexamined Patent Publication No. 4-2071 98 discloses a method of inactivating recombinant Bom- 
byx mori nuclear polyhedrosis viruses in which the pH of the Bombyx mori hemolymph is controlled to 0.5 to 3.0. This 

30 method is limited to production of a useful protein stable to acidity, and is thus not a satisfactory method. Japanese 
Unexamined Patent Publication Na 61-152276 cfiscloses a technique for inactivating recombinant Escherichia coli 
using benzalkonium chloride, but does not disclose a method of inactivating recombinant vaculoviruses. On the other 
hand, the inactivating action of benzalkonium chloride on viruses depends upon the types of viruses, and Yamamoto et 
al. report that HI viruses are inactivated by benzalkonium chloride (Reference 10). On the other hand, Watanabe et al. 

35 report that Fiacherie viruses of Bombyx mori are not inactivated by benzalkonium chloride (Reference 11). 

[0029] However, the present invention discloses that recombinant vaculoviruses are inactivated by treatment with 
benzalkonium chloride without a loss of the biological activity of a useful protein, and discloses the method of stabilizing 
the useful protein obtained by benzalkonium chloride treatment, and a useful protein composition thereof. 
[0030] Examples of quaternary ammonium salts used for inactivating recombinant vaculoviruses include alkyl trimeth- 

40 ylammonium salts, dialkyl dimethylammonium salts, alkyl dimethylbenzylammonium salts, alkyl pyridinium salts, acyl 
aminopropyldimethylbenzyt ammonium salts, and the like. Specifically, from the viewpoint of economy or safety, for 
example, benzalkonium chloride and benzetonium chloride are preferably used. 

[0031 ] The concentration of the quaternary ammonium salt used is preferably a concentration sufficient for inactivat- 
ing recombinant vaculoviruses and causing no decrease in activity of the target useful protein. For example, the final 

45 concentration is preferably 0.01% by weight or more based on the culture supernatant of insect cultured cells infected 
with recombinant vaculoviruses, or the hemolymph of Bombyx mori larvae infected with recombinant vaculoviruses. 
However, the use of an excessively high concentration of quaternary ammonium salt is economically disadvantageous, 
and causes difficulties in purifying the target useful protein. Generally, treatment with 0.5% by weight or less of quater- 
nary ammonium salt produces good results in the production of a useful protein. 

so [0032] Methods of treating the culture supernatant of Bombvx mori cells or the hemolymph of Bombyx mori with a 
quaternary ammonium salt include the method of adding a quaternary ammonium salt to the culture supernatant of 
Bombyx mori cells or the hemolymph of Bombyx mori the method of adding the culture supernatant of Bombyx mori 
cells or the hemolymph of Bombyx mori to an aqueous quaternary ammonium salt solution, the method of immersing 
incised Bombvx mori directly in an aqueous quaternary ammonium salt solution, and the like. These methods produce 

65 the same effect. The temperature and time of treatment with a quaternary ammonium salt are not limited as long as the 
recombinant vaculoviruses are sufficiently inactivated. For example, treatment at 0 to 25°C for 1 to 24 hours produces 
good results. 

[0033] Inactivation of the recombinant vaculoviruses can also be achieved by ultraviolet irradiation. Ultraviolet irradi- 
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ation for inactivating the recombinant vaculoviruses may be performed at any one of wavelengths at which the vaculro- 
viruses can be inactivated. However, the wavelength is preferably 200 to 300 nm, more preferably 253.7 run. 
[0034] The ultraviolet irradiation apparatus used is preferably a flowing type. A preferred embodiment of the flowing 
type ultraviolet irradiation apparatus is described below with reference to the drawing. 

5 [00351 Fig. 1 is a flowing type ultraviolet irradiation apparatus in accordance with an embodiment of the present inven- 
tion. In Fig. 1, reference numeral 1 denotes the body of the ultraviolet irradiation apparatus. 
[0036] The irradiation apparatus comprises a sterilization lamp 2 for ultraviolet irradiation, and a casing 3 to which the 
sterilization lamp 2 is mounted. Solution outlet and inlet are provided in the upper and lower portions of the casing so 
that the culture supernatant of Bombvx mori cells or the hemolymph of Bombvx mori flows between the sterilization 

io lamp and the casing. When the temperature of the culture supernatant of Bombvx mod cells or the hemolymph of Bom- 
bvx mori is increased due to ultraviolet energy during ultraviolet irradiation, the irradiation apparatus and the circulating 
line of the treatment solution are preferably cooled. The cfistance of the sterilization lamp for ultraviolet irradiation and 
the casing depends upon the transmittance of the ultraviolet light applied, but it is preferably about 5 to 50 mm. 
[0037] When the culture supernatant of Bombvx mori cells or the hemolymph of Bombyx mori is colored by denatur- 

15 ation due to bonding to a trace of metal or air oxidation, the transmittance of ultraviolet light is decreased, thereby caus- 
ing difficulties in inactivating viruses. In order to prevent this phenomenon, a metal chelating agent is preferably added. 
As the metal chelating agent, disodium ethylenediamine tetraacetate is preferably used. The adding amount is prefer- 
ably 0.1 to 100 mM, more preferably 1 to 10 mM, relative to a liquid to be treated. 

[0038] The gene recombinant vaculroviruses can also be inactivated by acid treatment at pH 3 or less, or alkali treat- 
so merit at pH 9 or more. In this case, interferon^ is inactivated, but the activity is reproduced by maintaining it neutral at 
a low temperature. The interferon^ whose activity is reproduced as described above can be used for preparing the sta- 
bilized protein composition of the present invention. As the acid or alkali used for inactivating the gene recombinant vac- 
ulroviruses, hydrochloric acid, sulfuric acid, acetic acid, phosphoric acid, formic acid, sodium hydroxide, and the like can 
be used, but the acid or alkali is not limited these materials. The pH of the acid or alkali used is preferably a value suf- 
25 ficient for inactivating the gene recombinant vaculroviruses, and is generally preferably 3 to 9. This method is preferably 
carried out at a temperature higher than the freeze point, preferably at 4 to 40°C. The treatment time is at least 1 minute, 
and treatment may be carried out for a longer time. Treatment for 1 to 1 2 hours produces good results. 
[0039] The canine interferon^ whose biological activity is lost by treatment can be treated under neutral conditions at 
a low temperature to reproduce the activity thereof. The neutral conditions preferably include a pH of 6 to 8, and the low 
30 temperature is preferably 0 to 1 5°C. The treatment time is preferably 1 2 hours or more, more preferably 1 to 7 days. 
[0040] In the production of a useful protein using recombinant vaculroviruses, the method of recovering the useful 
protein, for example, feline interferon or canine interferon^, from the culture supernatant of Bombvx mori cells or the 
larva hemolymph of Bombvx mori is not limited, and a general protein recovering method or purifying method can be 
used. Particularly, after the recombinant vaculroviruses are inactivated with a quaternary ammonium salt a useful pro- 
35 tein, for example, feline interferon or canine interferon-y, can be recovered by ultraf iltation. At the same time, by using 
an ultraf ilter membrane which is not permeable to the recombinant vaculroviruses. it is possible to recover the useful 
protein containing no inactivated recombinant vaculroviruses from the permeated liquid side. 
[0041 ] In ultrafiltration of the larva hemolymph of Bombyx mori. the hemolymph of Bombyx man is colored brown with 
time, and a deterioration in f inability of ultrafiltration due to this coloring is recognized. Since the intended useful protein 
40 frequently has low stability, ultrafiltration is preferably carried out in as a short time as possible. In the present invention, 
it was found that coloring of the larva hemolymph of Bombyx mori is suppressed by maintaining at a pH 6 or less. There- 
fore, ultrafiltration at a pH 6 or less exhibits good filtrability, and permits completion of ultrafiltration in a short time. How- 
ever, even when the pH is lowered to 6 or less, coloring of the larva hemolymph of Bombyx mori is started at a pH or 7 
or more, thereby deteriorating filtrability of ultrafiltration. 
45 [0042] When the larva hemolymph of Bombyx mori infected with recombinant Bombvx mori nuclear polyhedrosis 
viruses must be set to a pH of 7 or more because of the need for a process for isolating and purifying the intended pro- 
tein, and the stability thereof, H is effective to add a metal chelating agent. 

[0043] Namely, the addition of the metal chelating agent causes no coloring of the larva hemolymph of Bombyx m&ri 
even at a pH of 7 or more, and thus enables maintenance of good filtrability in ultrafiltration. 

so [0044] Examples of the metal chelating agent added to the larva hemolymph of Bombyx mori infected with recom- 
binant Bombyx mori nuclear polyhedrosis viruses include ethylenediamine tetraacetic acid (EDTA), ethylenediamine 
triacetic acid, ethylenediamine diacetic acid, trans-1 ,2-cydohexanediamine tetraacetic acid, diethylenetriamine pen- 
taacetic acid, triethylenetetramine hexaacetic acid, salts thereof, o-phenanthroline, diamines such as dipyridine, and 
the like. However, from the viewpoint of safety, EDTA is preferably used for producing a drug or the like. The concentra- 

65 tion of the metal chelating agent used is not limited as long as coloring of the larva hemolymph of Bombyx mori is sup- 
pressed, but the addition of 2 mM or more of metal chelating agent generally effectively suppresses coloring of the larva 
hemolymph of Bombyx mori . The temperature of treatment with the metal chelating agent is not limited as long as the 
activity of the target protein is maintained, and the temperature is preferably 0 to 30°C. 



6 



EP0 950 663 A1 



[0045] The ultrafifter membrane used in uftraffltration of the larva hemolymph of Bombyx mori infected with recom- 
binant Bombyx mod nuclear polyhedrosis viruses is not limited, but industrially available ultraf ileter membranes such as 
cellurose, polyphenylsulfone derivatives can preferably used. The shape of the ultrafilter membrane is also not limited, 
and commercially available ultrafilter membranes such as a plane ultrafilter membrane, a holof iber ultrafilter membrane, 

5 and the like can be used. In addition, various types of ultrafiltration devices can be used depending upon the ultrafilter 
membrane used, and the use of any one of ultrafiltration devices produces the same effect 
[0046] The ultrafilter membrane may have the molecular weight fraction ability to prevent permeation of the proteins 
occupying 80% to 90% of total proteins present in the larva hemolymph of Bombvx mori. which have molecular weights 
of about 30,000 and 70,000 in SDS-PAGE. Generally, an ultrafilter membrane having a molecular weight fraction size 

10 of 50,000 to 300,000, which is indicated as the performance of the ultrafilter membrane, can preferably be used. Fur- 
ther, it was unexpectedly found that an ultrafilter membrane having a molecular weight fraction size of 100,000 is less 
permeable to the proteins having molecular weights of about 30,000 and 70,000 in SDS-PAGE and present in the larva 
hemolymph of Bombyx mori . Therefore, when the target protein permeates an ultrafilter membrane having a molecular 
weight fraction size of 100,000, separation of the main contaminant proteins in the larva hemolymph of Bombyx mori 

75 and the intended protein can be sufficiently achieved on the permeated liquid side. 

[0047] The method of isolating and purifying the useful protein produced by the gene recombination technology is not 
limited, and a general protein purifying method can be used. For example, the protein can be purified and isolated by a 
combination of chromatography using a silica gel carrier, an ion exchange carrier, a gel filtration carrier, a chelate car- 
rier, a dye holding carrier, or the like, and ultrafiltration, gel filtration, dialysis, desalinization by salting out, or concentra- 

20 tion. 

[0048] The useful protein composition of the present invention can be produced by using the feline interferon or canine 

interferon-Y recovered and purified as described above. 

[0049] The arabic acid used in the present invention has the following structure: 



25 



30 



40 



45 



6,1 — Araf— 3,1— Galp 
I 

Galp —1 ,3— Galp —1 ,3— Galp— 1 ,3— Galp— 1 

V. V 

Rhap— 1,3— Galp Rhap — 1,3— Galp 

6,1 6,1 
I I 
G.A -4,1 - Araf GA— 4,1 -Aral 



Galp: D-galactopyranose Rhap: L-rhamnopyranose 

Araf: L-arabofuranose G.A. : D-glucuronic acid 



so [0050] The compounds used for stabilizing proteins in the present invention and having the basic structure of arabic 
acid represent all compounds having the basic structure of arabic add which contain, as a secondary component, no 
component which inactivates proteins or inhibits the stabilization action of arabic acid on proteins, and include gum ara- 
bic as a polymer compound (molecular weight of about 200000 to 250000) in which many arabic acid molecules are 
bonded, decomposed products and modified products thereof. 

65 [0051] The concentration of an aqueous solution of a compound having the basic structure of arabic acid is any 
desired value, but a too low concentration has a low stabilizing effect and a high concentration causes an increase in 
cost, and an increase in viscosity of gum arabic, thereby causing difficulties in handling. Therefore, the concentration is 
preferably 0.01 to 10% by weight, more preferably 0.5 to 2.0% by weight 
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[0052] The biological activity of a useful protein is easily lost by external factors such as a temperature change due 
to freezing, melting, heating, or the like, a pH change due to extraction, purification, dissolution in a buffer, or the like. 
However, before these operations which induce inactivation, a useful protein is mixed with a compound having the basic 
structure of arabic acid in order to significantly maintain the biological activity of the useful protein. 

5 [0053] It is generally known that as the purity of the intended protein increases with proceed of the purification steps 
of the operation of purifying the protein, the protein is easily inactivated. Namely, the purification operation is also an 
operation which induces inactivation, but inactivation of the protein due to purification can be prevented by mixing with 
a compound having the basic structure of arabic acid in a step before purification or in the course of purification. 
[0054] Inactivation of a useful protein in an aqueous solution with time, i.e., inactivation in storage, can also be pre- 

io vented by mixing with an aqueous solution of a compound having the basic structure of arabic acid. When a useful pro- 
tein composition containing a compound having the basic structure of arabic acid is stored in a liquid state, it is 
preferably stored at 15°C or less depending upon the thermal stability of the useful protein. The temperature is prefer- 
ably as low as possible as long as the mixture is not frozen, and is preferably 4 to 10°C. In the case of long-term storage, 
the composition is preferably frozen or freeze-dried and then stored. In the case of freeze storage, the storage temper- 

is ature is any low temperature which does not cause melting, and in the case of storage after melting, the concfitions are 
the same as storage in a liquid state. 

[0055] In the case of freeze drying, the preservation property increases as the water content decreases, and thus the 
composition is preferably dried to a moisture content of 5% or less. The thus-freeze-dried composition is preferably pre- 
served in the dark and cool, and can be preserved at room temperature for one year and stably for a longer period of 
20 time in refrigeratory preservation. The thus-freeze-dried composition can be preserved for a 2 monthes and more under 
50°C, cruel condition for preservation. In the use of the freeze-dried composition, it is re-solved by water, in some cases, 
by a solution such as physiological saline. After re-solving, the preservation method is the same as the method of pres- 
ervation in a liquid state. 

[0056] The preferable pH of a mixture of the compound having the basic structure of arabic acid and the useful protein 
25 depends upon the pH stability of the useful protein itself, but the range of the pH stability of the useful protein is widened 
by mixing the useful protein and the compound having the basic structure of arabic acid. For example, an aqueous solu- 
tion of IFN-r used in the present invention is known to be significantly inactivated unless it is preserved at pH 6 to 8, but 
in the case of preservation of the mixture with an aqueous solution of gum arabic, 100% of activity can be maintained 
in the pH range of 6 to 7, and 70% or more of activity can be maintained in the pH range of 4.5 to 8.0. In the case of 
30 freeze drying, approximately 100% of activity can be maintained in the pH range of 4.5 to 8.0. 

[0057] The mixture of gum arabic and a useful protein can be used for various applications based on the function pos- 
sessed by the protein. When a useful protein is advantageous for medical applications and a grade having no problem 
in medical applications, gum arabic of pharmacopeia] grade or a grade for drug addition is used so that the mixture can 
be used for medical applications. 
35 [0058] For enzymes used for various measurements and diagnosis other than medical applications, the stability can 
be improved by employing the stabilization method, preservation method and composition disclosed in the present 
invention, and thus such enzymes can be expected to be used for a long period of time. 

[0059] Besides these components, the useful protein composition containing a compound having the basic structure 
of arabic acid can contain any one of compounds which do not inhibit the activity of proteins. For example, polyols such 
40 as polyethylene glycol, a surfactant such as Tween 20, saccharides such as sorbitol, amino acids such as glycine, or 
proteins such as gelatin may be added. Since the addition of salt causes no problem, osmotic pressure can be control- 
led by salt when the composition is used as an injection drug, for example. 

Examples 

45 

[0060] Although the present invention will be described in detail below with reference to examples, the scope of the 
present invention is not limited to these examples. 

[Reference Example 1] Formation of canine interferon-/ gene 

50 

[0061 ] A canine interferon^ gene was prepared by the method disclosed in Japanese Unexamined Patent Publication 
No. 9-234085. Namely, the method comprises the following two steps: 

(1) Preparation of canine cDNA 

55 

[0062] Lymphocytes were separated from canine peripheral Wood, and stimulated with phytohemagglutinin (PHA) for 
48 hours at a final concentration of 50 ng/ml. After stimulation, entire RNA was prepared by using ISOGEN (produced 
by Nippon Gene Co., Ltd.). The thus-obtained RAN was dissolved in 10 mM of Tris hydrochloric acid buffer (pH 7.5) 
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(abbreviated to TE" hereinafter) containing 1mM EDTA, and treated at 70°C for 5 minutes, and then the same amount 
of TE containing 1 M of Lid was added. The RNA solution was applied to an oligo dT cellulose column equilibrated with 
TE containing 0.5 M LiCI. and then washed with the same buffer. After washing with TE containing 0.3 M LiCI, the poly 
(A) RNA adsorbed was eluted with 2mM EDTA (pH 7.0) containing 0.01% of SDS. Single stranded DNA was synthe- 
sized by using the thus-obtained poly (A) RNA. Namely, 5 *ig of poly (A) RNA and 0.5 ng of oligo dT primer (12 to 18 
mer) were placed in a 0.5-ml micro centrifugal tube sterilized, and sterilized water treated with diethyl pyrocarbonate 
was added to a total of 1 2 nl. After incubation at 70°C for 10 minutes, the tube was immersed in ice for 1 minute A 200 
mM Tris hydrochloric acid buffer (pH 8.4), 2 ^ of 5000 mM KCI solution. 2 jd of 25 mM MgQ 2 . 1 of 10 mM dNTP, and 
2 nl of 0.1M DTT were added to the tube, followed by incubation at 42°C for 5 minutes. Then. 1 of 200-unit reverse 
transcriptase (produced by Gibco BRL Co., Ltd., Super Script II) was added to the tube, and then further incubated at 
42°C tor 50 minutes to effect cDNA synthetic reaction. After further incubation at 70°C for 15 minutes, reaction was ter- 
minated, and the reaction solution was allowed to stand on ice for 5 minutes. To this reaction solution was added 1 jil 
of E. e^i RNaseH (2 units/ml), followed by incubation at 37°C for 20 minutes. 

(2) Synthesis of canine interferon-y gene 

[0063] On the basis of the base sequences (Reference 1) of N and C terminals of canine interferon-y, the following 
two primers were synthesized by a DNA synthesizer, in which a EcoRI site was added to the terminals. 

5'GCGAATTCATGAATTATACAAGCTATATCTTAGC3' (Sequence No. 1) 

S'GCG^TTCTTATTTCGATGCTCTGCGGCCTCGAAAS' (Sequence No. 2) 
2 pi of cDNA obtained above in (1) was added to each 0.5-ml micro centrifugal tube, and 20 pmol of each of the primers, 
a 20 mM Tris hydrochloric acid buffer (pH 8.0), 1 .5 mM MgCfe, 25 mM KCI, 100 ng/ml of gelatin, 50 nM of each dNTP, 
and 4-unit ExTaqDN A polymerase (produced by Takara Shuzo Co , Lid.) were added to a total of 1 00 jii. 30 cycles of 
reaction were effected by using a DNA thermal cycler produced by Perkin-Elmer Cetus Co.. Ltd. under DNA denatura- 
tion conditions of 94°C for 1 minute, primer annealing conditions of 55°C for 2 minutes, and primer extension conditions 
of 72°C for 3 minutes. The reaction solution was subjected to electrophoresis using 1% agarose gel to prepare DNA 
fragments of about 560 bp according to a conventional method (Reference 12). The DNA fragments were ligated to T- 
Vector produced by Invitrogen Co., Ltd. at 16°C for 2 hours by using DNA Ligation Kit Ver. 1 produced by Takara Shuzo 
Co., Ltd. By using this product, Escherichia coli was transformed according to a general method, and plasmid DNA was 
prepared from the resultant transformant aocorcGng to a general method. Next, it was confirmed by PCR under the 
same conditions as described above that PCR fragment was inserted into the plasmid. It was also confirmed by using 
a fluorescent DNA sequencer (DNA Sequencer 373S produced by Perkin-Elmer Co., Ltd.) and a diterminator cycle 
sequencing kit produced by Perkin-Elmer Co., Ltd. according to the attached protocol that the resultant DNA fragments 
have the base sequence (Sequence No. 3) of canine interferon-y DNA. 

[Reference Example 2] Preparation of expression recombinant plasmid containing DNA cording for canine interferon-y 
(1) Preparation of recombinant plasmid for animal cell expression 

[0064] Preparation was made according to the method disclosed in Japanese Unexamined Patent Publication No. 9- 
234086. Namely, 1 ^g of plasmid obtained in Reference Example 1 was digested with 30-unit restriction enzyme EcoRI 
at 37°C for 16 hours, and then subjected to electrophoresis using agarose gel to prepare DNA fragments of canine 
interferon^ of about 560 bp according to a conventional method. 

[0065] On the other hand, 1 \iq of cloning vector pCDL-SRct296 (Reference 13) was digested with 30-unit restriction 
enzyme EcoRI at 37°C for 1 6 hours, followed by dephosphorylation of the terminals using alkali phosphotase (produced 
by Takara Shuzo Co., Ltd.) derived from bacteria. The product was then subjected to electrophoresis using 1% agarose 
gel to prepare DNA fragments of about 3.7 kp according to a general method. Ligation reaction was then effected at 
16°C for 16 hours by using DNA Ligation Kit Ver. 1 to joint the thus-prepared pCDL-SRa296 and canine interferon-y 
DNA fragments. By using the resultant product Escherichia coli HB101 was transformed according to a general 
method. 30 cycles of PCR was effected by using two types of primers including a primer containing 27 bp bases from 
the initiating codon of DNA cording for canine interferon-y, i.e., the following: 

S'ATGMTTATACAAGCTATATCTTAGCTS' (Sequence No. 4); and 
a primer containing 30 bp bases on the downstream side of cloning site EcoRI of pCDL-SRa296, i.e., the following: 

5TrTTCACTGCATTCTAGTTGTGGTTTGTCC3' (Sequence No. 5) 
under denaturation conditions of 94°C for 1 minute, primer annealing conditions of 55°C for 2 minutes, and primer 
extension conditions of 72°C for 3 minutes by using a DNA thermal cycler produced by Perkin-Elmer Cetus Co., Ltd. to 
obtain DNA fragments of about 650 bp. As a result, a plasmid was obtained in which DNA coding for canine interferon- 
y was incorporated into pCDL-SRa296 in the positive direction. This recombinant plasmid was called pSRay. 
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Escherichia coli containing this plasmid was named E. gdi (pSRccy). 

(2) Preparation of recombinant plasmid for Escherichia coli expression 

5 [0066] Preparation was made according to the method disclosed in Japanese Unexamined Patent Publication No. 9- 
234085. Namely, in order to obtain DNA coding for the maturation protein of canine interferon-?, 30 cycles of PCR were 
conducted by using, as a template, the plasmid obtained in Reference Example 1 and two types of primers including a 
primer to which restriction enzyme Nco\ site was added, i.e., the following: 

S'CCGACCATGGCTCAGGCCATGTTTTTTAMGAAATAGAAAACS' (Sequence No. 6); and 

to a primer to which restriction enzyme BamH1 site was added, i.e., the following: 

S'GGKTCCTTATTTC^^ (Sequence No. 7) 

under denaturation conditions of 94°C for 1 minute, primer annealing conditions of 55°C for 2 minutes, and primer 
extension conditions of 72°C for 3 minutes by using a DNA thermal cycler produced by Perkin-Elmer Cetus Co., Ltd. to 
obtain DNA fragments of about 500 bp. The thus-obtained fragments were digested with 30-unit restriction enzyme 

is Nco\ t followed by precipitation with ethanol. Then, the fragments were digested with 30-unit restriction enzyme BamH\, 
and then subjected to electrophoresis using 1% agarose gel to prepare DNA fragments according to a general method. 
[0067] On the other hand, 1 vq of pET8c as an Escherichia coli expression vector was digested with 30-unit restriction 
enzyme Ncol After precipitation with ethanol, the vector was digestsed with 30-unit restriction enzyme BamH\, and 
then subjected to electrophoresis using 1% agarose gel and cut by BamH\ to prepare DNA fragments according to a 

20 general method. 

[0068] Ligation reaction was effected at 1 6°C for 16 hours by using DAN Ligation Kit Ver. 1 to joint the pET8c prepared 
as described above and canine interferon-? DNA fragments. By using the product Escherichia coli HB101 was trans- 
formed according to a conventional method. This Escherichia coli was named coli (pETy). 

[0069] Alternatively, preparation was made according to the method disclosed in Japanese Patent Application No. 1 0- 
25 167454. Namely, in order to obtain DNA coding for maturation proteins of canine IFNy, 30 cycles of PCR were con- 
ducted by using, as a template, cDNA obtained in Reference Example 1 and two types of primers including a primer to 
which restriction enzyme EcoRI site was added. i.e., 5'- ACGTGGAATTCATGC AGGCC ATGTTTTTTAAAG AA-3 ' 
(Sequence No. 8), and 

a primer to which restriction enzyme HincM site was added, i.e., 

30 5 , -CGAAGCTTCMGATC^TTATTTCGATGCTCTGCGGCCTCGAAACAG-3 , (Sequence Na 9), under denaturation 
conditions of 94°C for 1 minute, primer annealing conditions of 55°C for 2 minutes, and primer extension conditions of 
72°C for 3 minutes by using a DNA thermal cycler produced by Perkin-Elmer Cetus Ca, Ltd. The thus-obtained frag- 
ments were subjected to electrophoresis using 1% agarose gel to prepare DNA fragments of about 500 bp according 
to a conventional method (Reference 12). 

35 [0070] The thus-obtained fragments were digested with 30-un'rt restriction enzyme EcoRI, followed by precipitation 
with ethanol. Then, the fragments were digested with 30-unit restriction enzyme Hind III, and then subjected to electro- 
phoresis using 1% agarose gel to prepare canine interferon^ DNA fragments of about 500 bp according to a general 
method. 

[0071 ] On the other hand, 1 ng of pKK223-2 (produced by Pharmacia Co., Ltd.) as an Escherichia expression 
40 vector was digested with 30-unit restriction enzyme EcoRI. After precipitation with ethanol, the vector was digested with 
30-unit restriction enzyme Hind III, and then subjected to electrophoresis using 1% agarose gel to prepare DNA frag- 
ments according to a general method. 

[0072] Ligation reaction was effected at 1 6°C for 1 6 hours by using DNA Ligation Kit Ver. 1 to joint the pKK223-3 and 
canine interferon-y DNA fragments prepared as described above. Escherichia coli HB101 strain was transformed by a 

45 calcium chloride method. For the transformant growing on a LB plate containing 1 00 ng/ml of ampicillin, a plasmid was 
extracted from bacteria cultured in 3 ml of LB medium containing 100 ng/ml of ampicillin for 8 hours, and collected 
therefrom, purified, and then cut with restriction enzymes EcoRI and Hind III to obtain a plasmid for obtaining DNA frag- 
ments of about 500 bp. Thus-obtained recombinant plasmid was named pKK-y, and Escherichia coli JM101 , TI41 and 
TI139 strains were transformed by using this plasmid according to a general method. These Escherichia cgjj strains 

so were respectively named Escherichia coN JM1 01 (pkk-y), Escherichia coli TI41 (pkk-y) and Escherichia cofi TI1 39(pkk-y) . 

(3) Preparation of plasmid for Eombyx mori expression 

[0073] 1 ^g of vector pBM030 (Reference 7) was digested with 3-unit restriction enzyme Eco Rl at 37°C for 1 6 hours, 
65 and the terminals were dephosphoryiated with 1 -unit alkali phosphatase (produced by Takara Shuzo Co., Ltd.) derived 
from bacteria. The resultant product was subjected to electrophoresis using 1% agarose gel to prepare DNA fragments 
of about 1 1 .3 Kb according to a general method. 

[0074] Ligation reaction was effected at 16°C for 16 hours by using DAN Ligation Kit Ver. 1 to joint the pBM030 pre- 
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pared as described above and the canine interferon^ DNA fragments prepared as described above in (2). By using the 
product. Escherichia coli HB101 strain was transformed. For the colonies growing on a Lb plate containing 100 jig/ml 
of ampkallin, 30 cycles of PCR were conducted by using two types of primers including a primer containing 27 bp from 
the initiating codon of DNA coding for canine interferon-?, i.e., the following: 

5 5' ATGAATTATACAAGCTATATCTTAGCT3' (Sequence No. 1 0); and 

a primer containing 26 bp on the downstream side of the cloning site EcoRI of pBM030, i.e., the following: 

yATCAACAACGCACAGAATCTAACGCTB' (Sequence No. 1 1} 
under DNA denaturation conditions of 94°C for 1 minute, primer annealing conditions of 55°C for 2 minutes, and primer 
extension conditions of 72°C for 3 minutes by using a DNA thermal cycler produced by Perkin-Elmer Cetus Co.. Ltd. to 

70 obtain DNA fragments of about 650 bp, to obtain a recombinant vector in which DNA coding for canine interferon-y was 
inserted in pBM030 in the positive direction The thus-obtained recombinant plasmid was named pBMy. Escherichia 
coli containing this plasmid was named E. £cji (pBMy). 

[0075] In addition, a Bombvx mori expression plasmid for canine interferon-y mutant was prepared according to the 
method disclosed in Japanese Patent Application No. 10-160627. Namely, on the basis of the base sequences (Refer- 

is ence 1) of the N and C terminals of canine interferon-y, Japan Bio Service Co., Ltd. was entrusted with synthesis of two 
types of primers including the following primers: 

5 , GCAGATCTATXJlAATTATACAAGCTATATCTTAGCT3 , (Sequence No. 12); and 
S'QCXaAATTCTTATTTCQATGCTCTGCGQCCTAQQAAAa' (Sequence No. 2) 
2 ill of cDNA obtained in Reference Example 1 was placed in each of 0.5-ml micro centrifugal tubes, and 20 pmol of 

20 each primer, 1 0 mM Tris hycrochloric acid buffer (pH 8). 1 .5 mM MgCI2, 25 rrtvt KCI. 1 00 ng/ml of gelatin, 50 *iM of each 
dNTP, and 4-un'rt ExTaqDNA polymerase (produced by Takara Shuzo Co.. Ltd.) were added to each of the tubes to a 
total of 100 id. 30 cycles of reaction were conducted under DNA denaturation conditions of 94°C for 1 minute, primer 
annealing conditions of 55°C for 2 minutes, and primer extension conditions of 72*C for 3 minutes by using a DNA ther- 
mal cycler produced by Perkin-Elmer Cetus Co.. Ltd. The product was subjected to electrophoresis using 1% agarose 

25 gel to prepare DNA fragments of about 517 bp (Sequence No. 13) according to a general method (Reference 1 2). The 
thus-obtained DNA fragments were joined to T- Vector produced by Invitrogen Co. according to a general method. By 
using the product. Escherichia coli was transformed according to a general method,, and plasmid DNA was prepared 
from the resultant transformant according to a general method. Next by using a fluorescent DNA sequencer (DNA 
sequencer 373S produced by Perkin-Elmer Co., Ltd.) according to the attached protocol, ft was confirmed by using a 

30 di-terminator cycle sequencing kit produced by Perkin-Elmer Co., Ltd. that the obtained DNA fragments have the base 
sequence of DNA coding for canine interferon^. 

[0076] Next, PCR was conducted by using a combination of three types of primers (Sequence Nos. 14 to 19) and the 
DNA fragments as a template under the same conditions as described above to obtain three types of PCR amplification 
fragments (Sequence Nos. 20 to 22). These fragments were recovered according to a general method, and then the 

35 fragments shown by Sequence Nos. 20, 21 and 22 are cut with restriction enzymes BamH\ and EcoRV, restriction 
enzymes HincW and Snabl, and restriction enzymes EcoRV and EcoRI, respectively. The fragment shown by 
Sequence No. 19 treated with the restriction enzymes and the fragment shown by Sequence No. 22 treated with the 
restriction enzymes were mixed, and then inserted into the EcoRI and BamH\ sites of pUCl 9 according to a general 
method to obtain a recombinant vector. The thus-obtained vector was cut with restriction enzyme EcoRV, and then the 

40 fragment shown by Sequence No. 21 was inserted into the vector according to a general method to obtain a recom- 
binant vector. The base sequence of inserted DNA (Sequence No. 23) was confirmed by the same method as 
descrfoed above. Then, the inserted DNA was recovered by restriction enzymes BamH\ and EcoRI, and inserted into 
pBM030 digested with restriction enzymes Bg1 II and EcoRI to prepare Bombvx mori expression recombinant vector 
pBMyS2(-). PCR was conducted by using pBMyS2(-) as a template, and primers shown by Sequence Nos. 24 and 25 

45 to obtain DNA fragments shown by Sequence No. 26. The fragments were treated with a restriction enzyme by the 
same method as described above, and then inserted into Bgl\\ and EcoRI sites of pBM030 to prepare pBMyS2(-)/-20. 

[Reference Example 3] Preparation of recombinant Bombvx mori nuclear polyhedrosis virus reoombined with DNA cod- 
ing for canine interferon-y 

50 

[0077] Recombinant viruses were produced according to the method of Reference 7. Namely, 2.5 ml of DNA mixture 
(containing 0.25 M CaQ 2 * 10 jig of DNA of Bfimbyx mod nuclear polyhedrosis virus BmNPV 73 strains (Reference 7), 
and 65 fig of DNA of recombinant plasmid pYU871) was added dropwise to 2.5 ml of solution containing 50 mM HEPES 
buffer (pH 7.1), 0.28 M NaCI, 0.7 mM Na 2 HP0 4l and 0.7 mM NaH 2 P0 4 . 0.5 ml of the resultant suspension was added 
55 to a culture medium of about 3 x 1 0 5 BmN cells which were cultured by plate culture in a 5 ml of TC- 10 medium (Ref- 
erence 8) containing 1 0% FBS in a 25-cm 2 flask to introduce DNA into Bombvx mori cells. 20 hours after, the medium 
was changed by a new medium, followed by further culture for 7 days. Then, the culture solution was recovered, and 
centr'rfuged to obtain a dear supernatant The supernatant was diluted, and then added to a culture medium of BM-N 
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cells culture by plate culture. After culture for 8 days, a culture medium was selected, in which virus infection was 
observed by microscopic observation, and no polyhedron was formed (limiting dilution method). 
[0078] The limiting dilution method was repeated seven times to clone recombinant viruses. Here, recombinant 
viruses containing DNA (Sequence No. 23) coding for canine IFN-y mutant was named rBNVyS2(-), and recombinant 
5 viruses containing DNA (Sequence No. 3) coding for canine IFN-y was named rBNVy. 

[Reference Example 4] Preparation of recombinant Bombyx mori nuclear polyhedrosis virus containing DNA cording for 
feline IFN 

to (1) Preparation of gene fragment coding for feline IFN 

[0079] Recombinant Bombvx mori nuclear polyhedrosis viruses containing DNA coding for feline IFN were produced 
from plasmid pFelENI (Japanese Unexamined Patent Publication No. 2-195884) according to the method disclosed in 
Japanese Unexamined Patent Publication No. 4-2071 98. Namely. SfaUUHinc II fragments containing a feline IFN gene 
15 obtained from pFelFN! were introduced into pUCl 8, and then cut out as BamHI-H/ncll fragments referred to as feline 
IFN gene. 

(2) Preparation of Bombyx mori expression plasmid 

20 [0080] The Bam HVHincW fragments were inserted into Bgl W-Hinc II sites of Bombyx mori cloning vector pBM030 
(Reference 7) to obtain plasmid pYU871 . 

(3) Preparation of recombinant Bomby x mori nuclear polyhedrosis viruses recombined with DNA coding for feline IFN 

25 [0081 ] Recombinant viruses were produced by the method of Reference 7. Namely, 2.5 ml of DNA mixture (containing 
0.25 M CaCt 2 > 10 fig of DNA of Bombyx mori nuclear polyhedrosis virus BmNPV T3 strains (Reference 7), and 65 pg 
of DNA of recombinant plasmid pYU871) was added dropwise to 2.5 ml of solution containing 50 mM HEPES buffer (pH 
7.1), 0.28 M NaCI, 0.7 mM Na 2 HP0 4 , 0.7 mM NaH 2 P0 4 . 0.5 ml of the resultant suspension was added to a culture 
medium of about 3 x 10 5 BmN cells which were cultured by plate culture in a 5 ml of TC-10 medium (Reference 2) con- 
so taining 1 0% FBS in a 25-cm 2 flask to introduce DNA into Bombyx mori cells. 20 hours after, the medium was changed 
by a new medium, followed by further culture for 7 days. Then, the culture solution was recovered, and centrrfuged to 
obtain a clear supernatant. The supernatant was diluted, and then added to a culture medium of BM-N cells cultured 
by plate culture. After culture for 8 days, a culture medium was selected, in which virus infection was observed by micro- 
scopic observation, and no polyhedron was formed (limiting dilution method). 
35 [0082] The limiting dilution method was repeated seven times to clone recombinant viruses. Here, recombinant 
viruses containing DNA coding for feline IFN was named rBNVIOO. 

[Reference Example 5] Preparation of rBNVy, rBNVyS2(-) and rBNVIOO virus solutions 

40 [0083] 50 (J of culture solution of BM-N celts containing the recombinant viruses cloned in Reference Example 3 or 
4 was added to about 3 x 10 s BmN cells cultured by plate culture in a 15 mi of TC-10 medium containing 10% FBS at 
the bottom of a 75-cm 2 flask. After culture at 27°C for 5 days, the culture solution was centrifuged at 3,000 rpm for 5 
minutes. The resultant centrifugal supernatant was used as each of rBNVy, rBNVyS2(-) and rBNVIOO virus solutions. 
The resultant recombinant virus solution was diluted 10 to 7 times, and 1 ml of the diluted solution was added to a cul- 

45 ture solution of BM-N cells, followed by culture at 27°C for 7 days. As a result virus infection without formation of nuclear 
polyhedra was observed by microscopic observation, and it was thus confirmed that recombinant viruses were 
obtained. 

[Reference Example 6] Activity measurement method 

50 

[0084] The activity of interferon was measured by an antiviral action. For canine interferon-?, activity was also meas- 
ured by the expression enhancing action of canine cell strain class II MHC. 

[0085] The antiviral activity was measured by the CPE method according to Reference 14. Vesicular Stomatitis 
viruses were used as measurement viruses, canine MDCK (ATCC CCL-34) cells were used as sensitive cells for meas- 
55 uring the antiviral activity of canine IFN-y, and feline FC9 (Reference 1 5) cells were used as sensitive cells for measur- 
ing the antiviral activity of feline IFN. Namely, a diluted solution of a sample containing canine IFN-y was added to 
canine MDCK (ATCC CCL-34) cells which were cultured at 37°C to cause confluence on a 96-well micro plate, or sim- 
ilarly, a diluted solution of a sample containing feline IFN was added to feline FC9 cells which were cultured at 37°C to 
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cause confluence, followed by further culture at 37°C for 20 to 24 hours to induce antiviral activity. After VSV was added, 
culture was conducted at 37°C for 24 hours, and then the canine MDCK cells or feline FC9 cells, which lived on the 
micro plate and adhered thereto, were stained with a crystal violet stain containing 20% formalin. The amount of crystal 
violet on the micro plate was measured by measuring absorbance at 570 nm to determine the amount of canine IFN-y 

5 or feline IFN when 50% of cells were Kept alive. This amount of canine IFN-7 or feline IFN was defined as one unit (1 U) 
of antiviral activity. The standard deviation of antiviral activity data obtained by the above method was 32%. 
[0036] Cell strain FCBR1 derived from canine mammary tumor tissue which manifested class IIMHC was established 
according to the method disclosed in Reference 16. By using this strain, the expression enhancing action of class 
IIMHC was measured. 10 4 cells of FCBR1 were adhered to each of the wells of a 24-weil plate, and expressed canine 

70 interferon-? was added to the cells, followed by culture under the condition of 5% CO2 at 37°C for one night. After cul- 
ture, the cells were separated by trypsin, and then centrif uged in a 1 .5-ml micro centrifugal tube. To this tube was added 
10 (J of rat anti-canine MHC class II monoclonal antibody (produced by Stratagene Co., Ltd.). After suspension with 50 
nl of a ERDF medium (produced by Kyokuto Seiyaku Co., Ltd.) containing 10% FBS, the suspension was allowed to 
stand on ice for 1 hour. After washing with PBS, the solution was suspended with 5 nl of FITC-labeled rabbit anti-rat 

is monoclonal antibody (produced by Stratagene Co., Ltd.) and 50 of ERDF medium containing 10% FBS, and then 
allowed to stand on ice for 1 hour. After washing with PBS, analysis was made by FAC Scan produced by Becton Deck- 
son Co., Ltd. 

[Reference Example 7] Production of canine interferon-? using COS-1 cells 

20 

[0087] 5 jig of pSRcty obtained in Reference Example 2 was added to 4 ml of ERDF medium containing 50 mM Tris 
hydrochloric acid buffer (pH 7.5), 400 ng/ml of DEAE dextran (Pharmacia Biotech Co., Ltd.) and 100 ^iM chlorokin 
(Sigma Co. , Ltd.), to which 1 0% FBS was added. On the other hand. COS-1 ceils (ATCC CRL-1 650), which were grown 
to 50% confluence in an ERDF medium containing 10% FBS using a dish having a diameter of 10 cm, were washed 
25 once with PBS. 4 ml of the DNA mixture obtained as described above was added to the cells, followed by culture under 
the condition of 5% C0 2 at 37°C. Four hours after, the cells were washed with PBS, and then cultured in 20 ml of ERDF 
medium containing 10% FBS under the condition of 5% C0 2 at 37°C for 4 days to obtain a culture supernatant in which 
canine interf eron-y was produced. As a result of measurement of the antiviral activity of the thus-obtained culture super- 
natant, activity of 10 4 dilution units/ml or more was observed. 

30 

[Reference Example 8] Production of canine interferon^ using Escherichia coli 

[0088] A single colony of E. Q2li (pET?) obtained in Reference Example 2 was inoculated into 5 ml of LB medium con- 
taining 100 ng/ml of ampicillin. After culture was performed at 37°C until ODeoo was about 0.7, isopropyi-p-D-thiogalact- 
35 opyranoside (IPTG) at a f inal concentration of 0.5 mM was added to the culture medium, followed by further culture for 
1.5 hours. 

[0089] 1.5 ml of culture solution was placed in a 1.5-ml micro centrifugal tube, and centrifuged at 12000 rpm for 5 
minutes. After the supernatant was removed, the residue was suspended in 1 .5 ml of Tris hydrochloric acid buffer (pH 
7.5), and the cells were crushed on ice by using Handy Sonic. The cells were centrifuged at 20000 rpm for 30 minutes 
40 to obtain a soluble fraction (supernatant). 

[0090] As a result of measurement of the antiviral activity of this fraction, activity of 10 7 dilution units/ml or more was 
observed. Also, measurement of the expression enhancing action of class II MHC showed an increase of 100% in 
expression of class II MHC on canine mammary tumor cell strain FCBR1. 

45 [Reference Example 9] Production of canine interferon-y in culture supernatant of Escherichia soli 

[0091 ] Mutants secreting a protein accumulated in the periplasm into a culture supernatant were isolated by isolating 
a thiaisoleucine-resistant strain, and then screening mutants having the ability to secrete alkali phosphatase as one of 
Escherichia coli periplasm proteins from the obtained resistant strains. 

50 

a) Isolation of thiaisoleucine-resistant mutants 

[0092] Cells of Escherichia coli JM101 , JM105 and BL21 which were cultured in 5 ml of a LB medium (polypeptone 
10 g/l, yeast extract 5 g/l, NaCI 5 g/l) at 37°C up to the logarithmic growth phase were recovered, and washed twice with 
55 physiological saline. 5 ml of malic acid buffer (pH 6.0) containing 250 ngrnil of N-methyl-N'-nitro-N-nrtroguanidine was 
added to the cells to form a suspension. After the suspension was then kept at 37°C for 5 minutes, the cells were recov- 
ered by centrrfugation, and then washed twice with physiological salina 

[0093] The thus-obtained cells were appropriately diluted, and spreaded on a plate medium shown in Table 1 to which 
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each of various concentrations of 0.1 to 2.0 mM of thiaisoleucine (produced by Sigma Co., Ltd.) was added, followed 
by culture at 37°C for one week The grown colonies were streaked again on a plate containing the same concentration 
of thiaisoleucine, and single colonies were isolated to obtain about 250 mutants for each Escherichia coli strain. 



Table 1 



Basic medium for separating 
thiaisoleucine-resistant 
strain 


Na 2 HP0 4 


12.8 g 


KH 2 P0 4 


3.0 g 


NaCI 


0.5 g 


NH 4 Ct 


1.0 g 


Glulose* 


5.0 g 


L-proline* 


0.1 g 


Thiamine* 


20 mg 


MgCI 2 * 


10 mM 


CaCI 2 * 


1 mM 


Agar* 


20.0 g 



25 ': added asepticalty after 

separate sterilization 



b) Separation of alkali phosphatase secreting strain 

30 

[0094] A plate medium (Table 2) in which the phosphoric acid concentration was kept at 3.0 mM or less was prepared, 
each of all isolated thiaisoleucine-resistant strains, and parental strains as reference controls (JM101, JM105 and 
BL21) was streaked on the plate medium, followed by culture at 37°C overnight. Equivalents of 1% agar (cooled to 
about 60°C) and 50 mM Tris-HCI (pH 9.0) containing 1 .28 mg/ml of p-nitrophenyl phosphate and 10 mM MgCI 2 were 
35 mixed, and the resultant mixture was overlaid on the plate medium before the mixture was hardened. The medium was 
then kept at 37°C for 1 hour to obtain 1 8 strains in which a colony was more yellowed, as compared with the parental 
strains. 

[0095] 01 these strains, two strains derived from JM101 were respectively referred to as TI41 (FERM P-16798) and 
TI139 (FERM P-16797). 
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Table 1 



Basic medium for screening 
alkaliphosphotase secreting 
variant 


Na 2 HP0 4 


0.4 g 


KH 2 P0 4 


0.9 g 


NaCI 


0.5 g 


NH 4 CI 


1.0 g 


Glulose* 


5.0 g 


L-proline* 


0.1 g 


Thiamine* 


20 mg 


MgCI 2 * 


10 mM 


CaCI 2 * 


1 mM 


Agar* 


20.0 g 



*: added aseptically after 
separate sterilization 



25 

c) Resistance of thiaisoleucine-resistant variant 

[0096] Escherichia coli strains JM101. TI41 andTM 39 were shake-curtured at 30°C for 24 hours by using the medium 
shown in Table 1 , and the cells which grew were washed with physiological saline. A suspension of the washed bacterial 
30 cells was inoculated into 5 ml of medium shown in Table 1 containing 20 mg/l of L-thiaisoleucine, followed by shaking 
culture at 30°C for 48 hours. Then, the degree of growth of each strain was examined by measuring absorbance at 660 
nm. As a result, it was found from Table 3 that growth of thiaisoleucine-resistant strains T141 and TI139 used in the 
present invention is not inhibited by thiaisoleucine, thereby exhibiting high resistance to thiaisoleucine, as compared 
with parental strain JM101 . 

35 



Table 3 



Comparison of resistance to thiaisoleucine 


Strain 


Relative degree of growth (%) 




No addition of thiaisoleu- 
cine 


Addition of 20 mg/l of thi- 
aisoleucine 


Escherichia coli TI41 (Example of this invention) 


100 


95.2 


Escherichia coli TI139 (Example of this invention) 


100 


106.1 


Escherichia COli JM1 01 (Comparative Example) 


100 


17.1 



(2) Secretory production of canine interferon-y using Escherichia coli 

50 

[0097] A single colony of each of Escherichia coli JM101 (pKK-y),TI41 (pKK-y) and TI139 (pKK-y) obtained in Refer- 
ence Example 2 was inoculated into 5 ml of LB medium containing 100 iig/rnl of ampicilline. After culture at 37°C was 
conducted until OD 600 was about 0.7, isopropyl-p-D-thiogalactopyranoside (IPTG) at a final concentration of 1 mM was 
added to the culture solution, followed by further culture for 16 hours. 1 .5 ml of the culture solution was placed in a 1 .5- 
55 ml micro centrifugal tube, and then centrrfuged at 9,000 rpm for 5 minutes to obtain a culture supernatant. The results 
of measurement of the antiviral activity of the culture supernatant are shown in Table 4. These results indicate that the 
use of Escherichia £gjj TI41 or Til 39 strain as a host causes accumulation of a large amount of canine interferon^ in 
the culture supernatant. 
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Table 4 



Secretory production of canine interferon^ in culture supernatant 


Strain 


IFN-y activity in culture 
supernatant (U/ml) 


Escherichia COli TI41 (pKK-r) (Example of this invention) 


3.4x10 5 


Escherichia coli TI139 (pKK-y) (Example of this invention) 


5.9 x10 5 


Escherichia coli JM101 (pKK-y) (Comparative Example) 


2.1 x10 4 



[0098] Escherichia coli Tl 1 39 (pKK-y) was inoculated into 400 ml of LB medium, and aerobically cultured at 37°C, and 
15 1 mM IPTG was added to the culture solution in the logarithmic growth phase. After culture was continued, 5 ml of cul- 
ture solution was collected after an elapse of each of 3 hours, 5 hours, 8 hours and 21 hours. Each of the culture solu- 
tions was centrifuged at 9,000 for 5 minutes to separate the culture supernatant and cells The cells were suspended 
in 5 ml of 20 mM sodium phosphate buffer (pH 7.0), completely crushed on ice by ultrasonic waves, and then centri- 
fuged at 12,000 rpm to obtain a supernatant as a soluble fraction of cells. 
20 [0099] The results of measurement of antiviral activities of the thus-obtained culture supernatant and soluble cell frac- 
tion are shown in Table 5. The results indicate that in the Escherichia coli mutants of tee present invention, canine inter- 
feron^ is mostly secreted to the outside of the ceils 21 hours after culture. 



Tables 



Change with time in distribution of canine interferon-y in Escherichia coli 


Culture time (h) 


IFN activity in culture 
supernatant (U/ml) 


IFN activity in soluble 
fraction (within cells) 
(U/ml) 


3 


4.14 x10 3 


3.01 x 10 5 


5 


8.64 x10 3 


1.01 x10 6 


8 


5.44 x10 4 


9.01 x 10 5 


21 


8.56 x10 5 


5.00 x10 4 



[Reference Example 10] Production of canine interferon-y using Bombyx mori established cells 

40 [0100] 0.5 ml each of virus solution of the recombinant virus rBNVy obtained in Reference Example 3 was added to 
about 3 x 1 0 6 BmN cells which were cultured in plate culture in a TC-1 0 medium containing 10% FBS in a 25-cm 2 flask. 
30 minutes after, the medium was changed by 5 ml of new TC-10 medium containing 10% FBS, followed by culture at 
27°C for 3 days. The centrifugal supernatant of the culture solution was collected to measure activity. As a result, anti- 
viral activity of 1 0 s U/ml was obtained. 

45 

[Reference Example 1 1] Production of canine interferon-y in Bombyx mori living organisms 

[01 01 ] Larvae of Bombyx mod in the fifth stage and second day were injected with 50 ul/body of virus solution of the 
recombinant virus rBNVy or rBNVyS2 (-) obtained in Reference Example 3, and fed on commercial artificial feed (pro- 

50 duced by Kanebo Silk Elegance Co., Ltd.) at 25°C for 4 days. Then, the abdomens of 1 0 larvae were incised, and the 
hemolymph was collected into an Eppendorf tube ice-cooled, and then centrifuged to obtain a supernatant. After filtra- 
tion with 0.22 um-fdter and sterilization, activity was measured. As a result the antiviral activity of the Bombyx mori 
hemolymph was about 2 x 10 7 U/ml when rBNVy was used, while when rBNVyS2 (-) was used, the antiviral activity of 
the Bombyx mod hemolymph was about 4 x 1 0 7 U/ml, which was twice as high as rBNVy. Also, as a result of measure- 

65 ment of the expression enhancing action of class II MHC of the Bombvx mori hemolymph obtained by inoculating 
rBNVy, the amount of expression of class II MHC on canine mammary tumor cell strain FCBR1 was increased by 1 00%. 
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[Reference Example 12] Determination of virus concentration by cytopathogenic effect 

[0102] A cultured cell supernatant or hemolymph of Bombvx mori infected with recombinant Bombyx mori nuclear pol- 
yhedrosis viruses was diluted, and added to a culture solution of 5 x 10 5 /ml of BM-N cells. After culture at 27°C for 10 
s days, the cytopathogenic effect on the BM-N cells was recognized by microscopic observation to calculate the amount 
of infectious viruses. The amount of infectious viruses was determined by determining TCID50 (50% tissue culture 
infectious dose) according to Reference 17. 

[Reference Example 13] Production of canine IFN-y in Bombvx mori living organisms and inactivation of recombinant 
io Bombvx mori nuclear polyhedrosis virus by benzalkonium chloride 

[01 03] Larvae of Bombvx mori in the fifth stage and second day were injected with 2 jd/body of virus solution of the 
recombinant virus rBNVy obtained in Reference Example 3, and fed on commercial artificial feed (Kanebo Silk Ele- 
gance Co., Ltd.) at 25°C for 4 days. The abdomens of 10 larvae were incised, immersed in 100 ml of 50 mM acetic acid 
15 buffer (pH 3.5) containing 0%, 0.01% or 0.02% benzalkonium chloride, and then maintained at 4°C for 20 hours. The 
resulting extract of Bombvx mori hemolymph was centrifuged at 5.000 rpm for 15 minutes to recover the supernatant. 
The antiviral activity, protein concentration, and amount of infectious recombinant Bombvx mori nuclear polyhedrosis 
viruses of the resultant supernatant were examined. The results are shown in Table 6. 

20 

Table 6 



Production of canine IFN-y in Bombvx mori larvae and inactivation of recombinant Bombyx mori nuclear polyhedrosis 

viruses by benzalkonium chloride 


Experimental 
Example 


Concentration of 
benzalkonium 
chloride (%) 


Amount of infec- 
tious viruses 
(TCIDso/ml) 


Antiviral activity 
(U/ml) 


Protein Concen- 
tration (mg/ml) 


Specific activity 
(U/mg protein 


Comp. Example 


0 


8.6 x10 8 


1.4x10 6 


12.5 


1.1 x10 5 


Example 1 of this 
invention 


0.01 


Not detected 


4.0 x10 s 


7.1 


5.6 x10 5 


Example 2 of this 
invention 


0.02 | 


Not detected 


2.0x10 6 


6.6 


3.0x10 5 



35 

[Reference Example 14] Production of feline IFN in Bombvx mori living organisms and inactivation of recombinant Bom- 
byx mori nuclear polyhedrosis virus by benzalkonium chloride 



[0104] Larvae of Bombyx mori in the fifth stage and second day were injected with 2 jil/body of virus solution of the 
40 recombinant virus rBNVlOO obtained in Reference Example 4. and fed on commercial artificial feed (Kanebo Silk Ele- 
gance Co., Ltd.) at 25°C for 4 days. The abdomens of 10 larvae were incised, immersed in 100 ml of 50 mM acetic acid 
buffer (pH 3.5) containing 0%, 0.01% or 0.02% benzalkonium chloride, and then maintained at 4°C for 20 hours. The 
resulting extract of Bombyx mori hemolymph was centrifuged at 5.000 rpm for 1 5 minutes to recover the supernatant. 
The antiviral activity, protein concentration, and amount of infectious recombinant Bombvx mori nuclear polyhedrosis 
45 viruses of the resultant supernatant were examined. The results are shown in Table 7. 



Table 7 



Production of feline IFN in Bombyx mori larvae and inactivation of recombinant Bombyx mori nuclear polyhedrosis 

viruses by benzalkonium chloride 


Experimental 
Example 


Concentration of 
benzalkonium 
chloride (%) 


Amount of infec- 
tious viruses 
(TCIDso/mO 


Antiviral activity 
(U/ml) 


Protein Concen- 
tration (mg/ml) 


Specific activity 
(U/mg protein 


Comp. Example 


0 


8.6 X10 8 


7.0x10 6 


11.7 


5.9x10 5 


Example 1 of this 
invention 


0.01 


Not detected 


6.5 x10 s 


7.7 


8.6x10 5 
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Table 7 (continued) 



Production of feline IFN in Bombvx mori larvae and inactivation of recombinant Bombvx mori nuclear polyhedrosis 

viruses by benzalkonium chloride 



Experimental 
Example 


Concentration of 
benzalkonium 
chloride (%) 


Amount of infec- 
tious viruses 
(TCIDsofrnl) 


Antiviral activity 
(U/ml) 


Protein Concen- 
tration (mg/ml) 


Specific activity 
(U/mg protein 


Example 2 of this 
invention 


0.02 


Not detected 


6.1 x 10 6 


6.1 


1.0 x10 s 



[Reference example 1 5] Inactivation of recombinant Bombyx mori nuclear polyhedrosis virus by benzethonium chloride 

[0105] Larvae of Bombyx mori in the fifth stage and second day were injected with 2 jil/body of virus solution of the 
15 recombinant virus rBNVy obtained in Reference Example 3, and fed on commercial artificial feed (Kanebo Silk Ele- 
gance Ca, Ltd.) at 25°C for 4 days. The abdomens of 1 0 larvae were incised, immersed in 100 ml of 50 mM acetic acid 
buffer (pH 3.5) containing 0%, 0.01% or 0.02% benzethonium chloride, and then maintained at 4°C for 20 hours. The 
resulting extract of Bombvx mori hemolymph was centrifuged at 5,000 rpm for 15 minutes to recover the supernatant. 
The amount of infectious recombinant Bombyx mori nuclear polyhedrosis viruses of the resultant supernatant was 
20 examined. The results are shown in Table 8. 



Table 8 



Inactivation of recombinant Bombvx mori nuclear Dolvhedrosis virus bv benzetho- 
nium chloride 


Experimental Example 


Concentration of benze- 
thonium chloride (%) 


Amount of infectious 
viruses (TCIDso/ml) 


Comparative Example 


0 


8.6 x10 8 


Example 1 of this invention 


0.01 


Not detected 


Example 2 of this invention 


0.02 


Not detected 



55 [Reference Example 1 6] Production of canine IFN-y in Bombyx mori living organisms and inactivation of recombinant 
Bombvx mori nuclear polyhedrosis virus by UV irradiation 

[0106] Larvae of Bombvx mori in the fifth stage and second day were injected with 2 jil/body of virus solution of the 
recombinant virus rBNVy obtained in Reference Example 3, and fed on commercial artificial feed (Kanebo Silk Ele- 

40 gance Co., Ltd.) at 25°C for 4 days. The abdomens of 80 larvae were incised, and the hemolymph of each larva was 
extracted with 1 0 ml of cooled water containing 2.5 mM/l of sodium ethylenediaminetetraacetate. 800 ml of hemolymph 
extract was sent to the ultraviolet irradiation apparatus shown in Rg. 1 to irradiate the extract with ultraviolet rays with 
rated output of 7W at 253.7 nm by using the sterilization lamp. The maximum distance from the sterilization lamp was 
1 0 mm, and the hemolymph extract was circulated with a convection time of 3 minutes to irradiate the extract with ultra- 

45 violet rays. As a result of measurement of ultraviolet transmittance of the hemolymph extract by using a spectrophotom- 
eter (Hitachi U-2000), the transmittance was 26% (1 0 mm cell). 

[01 07] After 1 hour and 2.5 hours, the hemolymph extract was sampled, and cultured together with Bombyx mori cells 
according to the method of Reference Example 12 to examine growth of viruses. In the hemolymph extract sampled 1 
hour after (in consideration of the convection time, the actual irradiation time of ultraviolet rays was 0.4 hour), 75% of 
so viruses were inactivated. In the hemolymph extract sampled 2.5 hours after (in consideration of the convection time, the 
actual irradiation time of ultraviolet rays was 1 hour), 100% of viruses were inactivated. As a result of measurement of 
the titer of canine interferon by a bioassay method according to the method of Reference Example 6, the titer was 3 x 
10 6 U/ml. 

65 [Reference Example 1 7] Preparation of canine interferons using Bombyx mori larvae 

[0108] Bombyx mori larvae in the fifth stage and second day was inoculated with a virus solution of gene recombinant 
vacuirovi ruses rBNVy disclosed in Japanese Unexamined Patent Publication No. 9-234085, and feed on commercial 
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artificial feed (Kanebo Silk Elegance Co., Ltd.) at 2S°C for 4 days. The abdomens of 50 larvae were incised, immersed 
in 500 ml of 50 mM phosphoric acid buffer (pH 3.5) containing 0.01% benzalkonium chloride, and then maintained at 
4°C for 20 hours. The resultant Bombyx mori hemolymph extract was neutralized with 2N NaCI, and then centrifuged 
at 5000 rpm for 15 minutes to recover a supernatant. The thus-obtained supernatant was poured into suttopropyi cellu- 
s lose (high performance type, produced by Pharmacia Co., Ltd.), and washed with a 20 mM phosphoric acid buffer (pH 
7.0). The adsorbate was then eluted with sodium chloride at a linear concentration gradient, and a fraction having anti- 
viral activity was collected. Canine IFN-y was recovered, dialyzed overnight in a 20 mM sodium phosphate buffer (pH 
7.0), and then used as a canine IFN-y sample for examining a stabilizer. 

w [Reference Example 1 8] Preparation of canine interf eron-y having defective sugar chain using Bombyx mori larvae 

[0109] A virus solution of the gene recombinant vaculroviruses rBNVyS2(-) shown in Reference Example 3 was inoc- 
ulated into Bombyx mori larvae in the fifth stage and second day, and fed on commercial artificial feed (produced by 
Kanebo Silk Elegance Co., Ltd.) at 25°C for 4 days. The abdomens of 50 larvae were incised, immersed in 500 ml of 

75 50 mM acetic acid buffer (pH 3.5) containing 0.01% benzalkonium chloride, and then maintained at 4°C for 20 hours. 
The resultant Bombvx mori hemolymph extract was neutralized with 2N NaCI, and then centrifuged at 5000 rpm for 1 5 
minutes to recover a supernatant. The thus-obtained supernatant was subjected to ultrafiltration using a hold iber type 
ultrafilter (produced by Amicon Co., Ltd., the molecular weight fraction size 100.000. HIP40-100). The resultant filtrate 
was poured into a column filled with a suttopropyi cellulose carrier (high performance type, produced by Pharmacia Co., 

20 Ltd.), and washed with a 20 mM phosphoric acid buffer (pH 7.0). The adsorbate was then eluted with sodium chloride 
at a linear concentration gradient, and a fraction having antiviral activity was collected to recover canine IFN-y. The 
thus-obtained fraction was poured into a column filled with Blue Sephallose carrier (produced by Pharmacia Biotech 
Co., Ltd.). and washed with a 20 mM phosphoric acid buffer (pH 7.0). The adsorbate was then eluted with 1 to 1.5 M 
sodium chloride, and a fraction having antiviral activity was collected to recover canine IFN-y. The thus-obtained canine 

25 IFN-y was dialyzed overnight in a 20 mM sodium phosphate buffer (pH 7.0), and then used as a canine IFN-y sample 
for examining a stabilizer. 

[Reference Example 19] Preparation of canine interf eron-y using Escherichia cdi 

30 [0110] Escherichia coli (BL21 strain), into which a vector (pET) into which a gene coding for canine IFN-y was inte- 
grated was introduced, was inoculated into a LB liquid medium, and IPTG was added to the medium in the logarithmic 
growth phase so that the final concentration was 1 mM. 2 hours after, cells were collected, suspended in a 20 mM 
sodium phosphate buffer (pH 7.0) in a volume of 1/50 of that at the time of culture, crushed by ultrasonic waves, and 
then centrifuged at 14000 rpm. The thus-obtained supernatant was filtered with a sterilizing filter of 4.5 to obtain a 

35 IFN-y extract. 

[01 1 1 ] The extract was purif ied by a sulf opropyi sepharose column (high performance type, produced by Pharmacia 
Co.. Ltd.). Specifically, the extract was applied to the column, washed with a 20 mM sodium phosphate buffer (pH 7.0) 
and further washed with a 20 mM sodium phosphate buffer (pH 7.0) containing 0.4 M NaCI. The extract was then eluted 
stepwisety with sodium phosphate buffers containing 0.5M, 0.6M, 0.7M, 0.8M, 0.9M and 1.0M NaCI. The resultant 

40 eluted fractions were subjected to SDS-PAGE, and fractions containing IFN-y were further purified with blue sepharose 
(fast flow type). Specifically, the fractions containing IFN-y were collected, applied to the column, washed with a sodium 
phosphate buffer (pH 7.0) containing 0.5M NaCI, and further washed with a sodium phosphate buffer (pH 7.0) contain- 
ing 1.0M NaCI, followed by stepwise etution with sodium phosphate buffers containing 1.5M, 2.0M and 2.0M NaCI. A 
2.0M eluted fraction obtained as a canine IFN-y fraction was then dialyzed overnight in a 20 mM sodium phosphate 

45 buffer (pH 7.0). After dialysis, the fraction was used as a canine IFN-y sample for researching a stabilizer. 

[Comparative Example 1] 

[0112] Changes in activity of the canine IFN sample (dissolved in a 20 mM sodium phosphate buffer pH 7.0) obtained 
so in Reference Example 17 were examined when the sample was cold-stored with no other additives added, freeze- 
stored, and freeze-dried with no stabilizer added. The residual rate of activity is shown based on 100% of activity of the 
sample before treatment. The results are shown in Table 9. 

[0113] The freeze-dried sample was dissolved again in sterilized distilled water, and supplied to measurement of anti- 
viral activity. 

55 
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Table 9 



Storage method and activity of canine IFN-f with no sta- 
bilizer added 


Storage method 


Rate of residual activity 
(%) 


Cold-storage for 2.5 days 


71.0 


Freeze-storage for 2.5 days 


17.0 


Freeze-drying 


35.4 



is [Example 1] 

[0114] The canine IFN- sample (dissolved in a 20 mM sodium phosphate buffer at pH 7.0) extracted from Bombvx 
mori and purified in Reference Example 17 was mixed with 1 ml each of various concentrations (final concentrations) 
of aqueous gum arabic solutions (5.0, 7.5, 1 0.0, 1 2.5, 1 5.0, and 20.0 mg/ml) in a glass vial, f reeze-dried, and then again 
20 dissolved to measure residual activity and the rate of residua! activity (1 .24 x 10 5 U was considered as 100%). The 
results are shown in Table 10. 



Table 10 



Amount of gum arabic added and canine IFN-y activity 


Gum arabic (mg) 


Residual activity (U) 


Rate of residual activity 
(%) 


5.0 


1.47 x10 5 


119 


7.5 


1.10x10 5 


88 


10.0 


1.97x10 5 


158 


12.5 


1.39 x10 5 


112 


15.0 


1.19X10 5 


96 


20.0 


1.55x10 s 


125 



[Example 2] 

40 

[01151 1 ml of aqueous solution containing the canine IFN-sample (dissolved in a 20 mM sodium phosphate buffer at 
pH 7.0) extracted from Bombvx mori and purified in Reference Example 1 7 and each of aqueous gum arabic solutions 
(final concentration of 10.0 mg/ml) showing various pH values was freeze-dried in a glass vial and then again dissolved 
to measure residual activity and the rate of residual activity (1.24 x 10 s U was considered as 100%). The results are 
45 shown in Table 1 1 . The pH values of the aqueous gum arabic solutions were measured after an appropriate amount of 
Ha as an acid or NaOH as an alkali was added thereto, and the measurements are shown in the table. The moisture 
content of the freeze<Jried sample was about 1 .8% (the average of three measurements), and the content of gum ara- 
bic (% by weight) in the freeze-dried sample was about 98.2%. 



so 

Table 11 



pH and canine IFN-y activity with the gum arabic added 


pH (measurement) 


Residual activity (U) 


Rate of residual activity 
(%) 


4.23 


1.21 x 10 s 


98 


4.54 


1.60 x10 5 


129 



20 



EP0 950 663A1 



Table 11 (continued) 



5 



10 



pH and canine IFN-y activity with the gum arable added 


pH (measurement) 


Residual activity (U) 


Rate of residual activity 
(%) 


4.94 


1.94 x10 5 


156 


5.22 


1.38x10 5 


111 


5.45 


2.13 x10 s 


172 


6.81 


2.00 x10 s 


161 


9.01 


1.27 x10 s 


102 



75 [Example 3] 

[011 6] The canine IFN- sample (dissolved in a 20 mM sodium phosphate buffer at pH 7.0) extracted from recombinant 
Escherichia coli and purified in Reference Example 1 9 was mixed with each of aqueous gum arabic solutions adjusted 
to various pH values with HCI and NaOH, and 1 ml (the final concentration of gum arabic of 10 mg/ml) of each of the 
20 resultant mixtures was stored at 4°C for 6 days. The residual activities and the rates of residual activities (1.20 x 10 s 
was considered as 100%) measured after storage are shown in Table 12. 



Table 12 



25 


Influence of pH on canine IFN-y activity in aqueous gum ara- 
bic solution 




PH 


Residual activity (U) 


Rate of residual activity 








(%) 


30 


3.0 


2.3 x10 s 


19.2 




3.5 


1.2 x10 s 


14.2 




4.0 


2.0 x10 s 


16.0 




4.5 


8.4 x10 4 


70.0 


35 










5.0 


8.5 x10 4 


70.8 




5.5 


8.5 x10 4 


70.8 




6.0 


2.1x10 s 


175.0 


40 


7.0 


9.9 x10 4 


83.1 




7.5 


1.8 x10 s 


150.0 




8.0 


1.7x10 s 


141.0 



45 

[Example 4] 



[0117] 1 mL of mixture solution containing the canine IFN-sample (dissolved in a 20 mM sodium phosphate buffer at 
pH 7.0) extracted from recombinant Escherichia coli and purified in Reference Example 19 and each of aqueous gum 
so arabic solutions (final concentration of 10.0 mg/ml) adjusted to various pH values was placed in a glass vial and freeze- 
dried. The thus freeze-dried product was dissolved again to measure residual activity and the rate of residual activity 
(4.0 x 10 s U was considered as 100%). The results are shown in Table 13. The moisture content of the freeze-dried 
sample was about 1.7% (the average of three measurements), and the content of gum arabic (% by weight) in the 
freeze-dried sample was about 98.3%. 

55 



21 



EP0950 663A1 



Table 13 



pH and canine IFN-y activity with the gum arabic added 


pH (measurement) 


Residual activity (U) 


Rate of residual activity 
(%) 


4.02 


1.4 x 10 4 


3.5 


4.36 


2.5 x10 s 


62.5 


4.61 


4.4 x10 5 


111.0 


4.86 


5.6 x10 5 


140.0 


4.90 


3.9 x 10 s 


97.5 


5.03 


6.2 x 10 s 


155.0 


5.24 


4.8 x10 5 


120.0 


8.20 


3.5 x 10 s 


87.5 



[Example 5] 

[0118] The canine IFN-y sample (dissolved in a 20 mM sodium phosphate buffer at pH 7.0) extracted from Bombyx 
mori and purified in Reference Example 17 was mixed with an aqueous solution containing gum arabic and Rheodoi 
25 (Tween 20) to prepare a canine IFN-y solution containing 10 mg/ml of gum arabic and 0 to 0.1% of Rheodoi. 1 mL of 
the thus-prepared canine IFN-y solution was placed in a glass viral, freeze-dried, and then dissolved again to examine 
the residual activity and the rate of residual activity (1.24 x 10 5 U was considered as 100%). The moisture content of 
the freeze-dried sample was about 1 .7% (the average of three measurements). Table 1 4 shows the residual activity and 
the content of gum arabic (% by weight) of each of freeze-dried samples. 

30 



Table 14 





concentration and canine IFN-y activity in the presence of gum arabic 


35 


Gum arabic (mg/ml) 


Rheodoi (% by 
weight) 


Residual activity (U) 


Residual rate (%) 


Content of gum arabic 
after freeze-drying (% 
by weight) 




10.0 


0 


1.97x10 5 


158 


98.1 


40 


10.0 


0.01 


1.78 x10 s 


143 


98.1 




10.0 


0.02 


1.64 x10 s 


137 


98.1 




10.0 


0.05 


1.51 x10 5 


122 


98.0 




10.0 


0.10 


1.90 x10 s 


153 


98.0 


45 


10.0 


0.20 


1.85 x10 s 


149 


97.9 ^ 



[Example 6] 

so [011 9] The canine IFN-y sample (dissolved in a 20 mM sodium phosphate buffer at pH 7.0) extracted from Bombyx 
mori and purified in Reference Example 17 was mixed with an aqueous solution containing gum arabic and macrogol 
4000 (polyethylene glycol 4000) to prepare a canine IFN-y solution containing 10 mg/ml of gum arabic and 0 to 10.0 
mg/ml of macrogol. 1 mL of the thus-prepared canine IFN-y solution was placed in a glass viral, freeze-dried, and then 
dissolved again to examine the residual activity and the rate of residual activity (1 .24 x 1 0 s U was considered as 100%). 

65 The moisture content of the freeze-dried samples was about 1.7% (the average of three measurements). Table 15 
shows the residual activity and the content of gum arabic (% by weight) of each of freeze-dried samples. 
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Table 15 



Macrogol concentration and canine IFN-y activity in the presence of gum arable 


Gum arabic (mg/mJ) 


Macrogol (mg/mi) 


Residual activity (U) 


Residual rate (%) 


Content of gum arabic 
after f reeze-drying (% by 
weight) 


10.0 


0 


1.67 x10 s 


135 


98.3 


10.0 


2.5 


137 x10 5 


110 


78.3 


10.0 


5.0 


146 x10 s 


118 


65.0 


10.0 


10.0 


1.52 x10 s 


123 


48.3 



15 

[Example 7] 

[0120] The canine IFN-y sample (dissolved in a 20 mM sodium phosphate buffer at pH 7.0) extracted from Escherichia 
coli and purified in Reference Example 19 was mixed with an aqueous solution containing gum arabic and macrogol 
20 4000 (polyethylene glycol 4000) to prepare a canine IFN-y solution containing 0 to 2.0 mg/ml of gum arabic and 5.0 
mg/ml of macrogol. 1 mL of the thus-prepared canine IFN-y solution was placed in a glass viral, freeze-dried, and then 
dissolved again to examine the residual activity and the rate of residual activity (1 .0 x 10 s U was considered as 1 00%). 
[0121 ] The moisture content of the freeze-dried samples was about 1 .5% (the average of three measurements). Table 
16 shows the residual activity and the content of gum arabic (% by weight) of each of freeze-dried samples. 

25 



Table 16 





Amount of gum arabic added and canine IFN-y activity in the presence of macrogol 


30 


Gum arabic (mg/ml) 


Macrogol (mg/ml) 


Residual activity (U) 


Residual rate (%) 


Content of gum arabic 
after f reeze-drying (% by 
weight) 




0 


5.0 


3.81 x10 4 


38 


0 


35 


0.5 


5.0 


9.75 x10 s 


97 


7.5 


1.0 


5.0 


1.12 x10 s 


112 


15.2 




2.0 


5.0 


1.18x10 s 


118 


27.1 



40 [Example 8] 

[0122] The canine IFN-y sample (dissolved in a 20 mM sodium phosphate buffer at pH 7.0) extracted from recom- 
binant Escherichia coli and purified in Reference Example 19 was used for preparing canine IFN-y aqueous solutions 
adjusted to various pH values and containing 10 mg/ml of gum arabic, 5 mg/ml of macrogol 4000 (polyethylene glycol) 
45 and 20 mM glycin. The thus-prepared aqueous solutions were freeze-dried, and then dissolved again to examine the 
residual activity. Table 17 shows the rates of residual activity when the initial canine IFN-y activity was considered as 
100%. The same test was repeated twice, and the results of Test Nos. 1 and 2 are shown in the table. The moisture 
content of the freeze-dried samples was about 1 .7% (the average of three measurements), and the content of gum ara- 
bic (% by weight) of each of freeze-dried samples was about 58.8%. 

50 
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Table 17 



pH and residual activity of canine 
IFN-y after freeze-drying 


PH 


Residual activity (%) 




Test No. 1 


Test No. 2 


4.5 


110 


156 


5.0 


81 


159 


5.5 


164 


148 


6.0 


100 


203 


6.5 


80 


156 


7.0 


136 


178 



[Example 9] 

20 

[0123] The canine I FN-? sample (dissolved in a 20 mM sodium phosphate buffer at pH 7.0) extracted from Bombyx 
mori and purified in Reference Example 17 was mixed with 10 mg/ml of gum arabic, 5 mg/ml of macrogo! 4000 (poly- 
ethylene glycol 4000) and 10 mM of glycin. A total of 1 ml of the thus-prepare solution was placed in a glass viral, 
freeze-dried, and then dissolved again to examine residual activity. As a result in dissolution after freeze-drying, the 
25 activity was 5.4 x 10 4 U, and 90% of the initial canine IFN-y activity of 6.0 x 1 0 4 U remained. 

Industrial Applicability 

[0124] Mixing with a compound having the basic skeleton of arabic acid enables stable storage of a useful protein 
30 such as interferon or the like without inactivation thereof, thereby permitting applications in various industrial fields such 
as the medical field. 
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55 Claims 

1 . A method of stabilizing a useful protein comprising mixing a useful protein and an aqueous solution of a compound 
having the basic structure of arabic acid. 
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2. A method of stabilizing a useful protein according to Claim 1 , comprising mixing with 0.01 to 10.0% by weight of a 
compound having the basic structure of arabic acid. 

3. A method of stabilizing a useful protein according to Claim 1 or 2, further comprising freeze-drying the useful pro- 
5 tein mixed with an aqueous solution of a compound having the basic structure of arabic acid. 

4. A method of stabilizing a useful protein according to any one of Claims 1 to 3, wherein the compound having the 
basic structure of arabic acid is gum arabic. 

w 5. A method of stabilizing a useful protein according to any one of Claims 1 to 4, wherein the useful protein is cytokine. 

6. A method of stabilizing a useful protein according to Claim 5, wherein the cytokine is interferon selected from irrter- 
feron-a, interferon-p, interferon-y and interferon-e* 

15 7. A method of stabilizing a useful protein according to Claim 6, wherein the interferon is vertebrate interferon. 

8. A method of stabilizing a useful protein according to Claim 7. wherein the vertebrate interferon is canine interferon- 
7 or feline interferon-ax 

20 9. A method of stabilizing a useful protein according to Claim 8, wherein the canine interferon^ is produced from 
Escherichia coli or Bombyx mori. 

10. A stabilized useful protein composition comprising a useful protein and a compound having the basic structure of 
arabic acid. 

25 

11. A stabilized useful protein composition according to Claim 10, comprising an aqueous solution containing 0.01 to 
10.0% by weight of compound having the basic structure of arabic acid. 

12. A stabilized useful protein composition according to Claim 10, wherein the stabilized useful protein composition is 
30 stabilized by freeze-drying. 

13. A stabilized useful protein composition according to Claim 12, wherein the moisture content after freeze-drying is 
5% by weight or less. 

35 14. A stabilized useful protein composition according to Claim 10, 12 or 13, comprising 5.0 to 99.9% by weight of com- 
pound having the basic structure of arabic acid based on the useful protein. 

15. A stabilized useful protein according to any one of Claims 10 to 14, wherein the useful protein is cytokine. 

40 16. A stabilized useful protein composition according to Claim 15, wherein the cytokine is vertebrate interferon. 

17. A stabilized useful protein composition according to Claim 16. wherein the interferon is interferon selected from 
interferorva, interferon-p, interferon-y and interferon-ax 

45 18. A stabilized useful protein composition according to Claim 1 7, wherein the interferon is canine interferon-y or feline 
interferon-o& 

19. A stabilized useful protein composition according to Claim 18, wherein the canine interferon-y is produced from 
Escherichia coli or Bombyx mori . 

50 

20. A stabilized useful protein composition according to any one of Claims 1 0 to 1 9, further comprising at least one of 
polyethylene glycol, glycine, salt and Tween 20. 

21. A medical composition for injection comprising a stabilized useful protein composition according to any one of 
65 Claims 10 to 20. 

22. A stabilized useful protein composition according to Claim 19, wherein the canine interferon-7 is obtained by cultur- 
ing a transformant produced by transformation of Escherichia coli or eucaryotic sells using a recombinant vector 
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into which DNA coding for proteins of canine interferon-y is integrated. 

23. A stabilized useful protein composition according to Claim 19, wherein the canine interferon-y is obtained by growth 
of recombinant Bombyx mori nuclear polyhedrosis viruses subjected to gene recombination with DMA coding for 

5 the protein of canine interferon^ in Bombvx mori established cells or Bombyx mori living organisms. 

24. A stabilized useful protein composition according to Claim 19, wherein the canine interferon^ is obtained by growth 
of a transformarrt into which a canine interferon^ gene with no sugar chain bond site is introduced. 

10 25. A stabilized useful protein composition according to Claim 24, wherein the canine interferon^ has the same amino 
acid sequence as Sequence Nos. 27 to 29 a a part of the amino acid sequences of Sequence Nos. 27 to 29. 

26. A stabilized useful protein composition according to Claim 1 9, wherein the canine interferon^ is obtained by growth 
of recombinant Bombyx mori nuclear polyhedrosis viruses subjected to gene recombination with DNA having the 

is sequence of Sequence No. 3 or Sequence Nos. 27 to 29 in Bombyx mori established cells or Bombyx mori living 
organisms. 

27. A stabilized useful protein composition according to Claim 19. wherein the canine interferon-y is obtained by treat- 
ing, with a quaternary ammonium salt, a culture supernatant of Bombvx mori cells infected with recombinant vac- 

20 uloviruses or the larva hemolymph of Bombvx mori infected with recombinant vaculoviruses. 

28. A stabilized useful protein composition according to Claim 27, wherein the culture cells infected with recombinant 
vaculoviruses are established BM-N cells derived from Bombyx mori . 

25 29. A stabilized useful protein composition according to Claim 27, wherein the quaternary ammonium salt is benzalko- 
nium chloride or benzethonium chloride. 

30. A stabilized useful protein composition according to Claim 27, wherein the culture supernatant of Bombvx mori 
infected with recombinant vaculoviruses or the larva hemolymph of Bombyx mori infected with recombinant vacu- 

30 loviruses is treated with 0.01% by weight or more of quaternary ammonium salt. 

31 . A stabilized useful protein composition according to Claim 19, wherein the canine interferon^ is purified by a cation 
exchanger after treatment with a quaternary ammonium salt in the production of the canine interferon-y using 
recombinant Bombyx mori nuclear polyhedrosis viruses subjected to gene recombination with DNA coding for the 

35 protein of canine interferon^. 

32. A stabilized useful protein composition according to Claim 31 . wherein the cation exchanger comprises sulfopropyl 
sepharose. 

40 33. A stabilized useful protein composition according to Claim 1 9, wherein the canine interferon-y is obtained by remov- 
ing vaculoviruses from the culture supernatant of Bombvx mori infected with recombinant vaculoviruses or the larva 
hemolymph of Bombyx mori infected with recombinant vaculoviruses by using ultrafilter membrane. 

34. A stabilized useful protein composition according to Claim 33, wherein the molecular weight fraction size of the 
45 ultrafilter membrane is 1 00,000 or less. 

35. A stabilized useful protein composition according to Claim 19, wherein the canine interferon-y is obtained by treat- 
ing, with a quaternary ammonium salt, the culture supernatant of Bombyx mori infected with recombinant vaculo- 
viruses or the larva hemolymph of Bombyx mori infected with recombinant vaculoviruses, and then performing 

so ultrafiltration. 



36. A stabilized useful protein composition accorcGng to Claim 19, wherein the canine interferon-y is obtained by treat- 
ing, with a quaternary ammonium salt and a metal chelating agent, the culture supernatant of Bombvx mori infected 
with recombinant vaculoviruses or the larva hemolymph of Bombyx mori infected with recombinant vaculoviruses, 

65 and then performing ultrafiltration. 

37. A stabilized useful protein composition according to Claim 35 or 36, wherein ultrafiltration is performed at a pH of 
6 or less. 
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38. A stabilized useful protein composition according to any one of Claims 35 to 37, wherein ultrafiltration is performed 
by using an ultraf ilter membrane having a molecular weight fraction size of 50,000 to 300,000. 

39. A composition according to Claim 36, wherein the quaternary ammonium salt is benzalkonium chloride a benze- 
5 thonium chloride. 

40. A stabilized useful protein composition according to Claim 35, wherein the culture supernatant of Bombyx mori 
infected with recombinant vaculoviruses or the larva hemolymph of Bombyx mori infected with recombinant vacu- 
loviruses is treated with 0.01% by weight or more of quaternary ammonium salt. 

10 

41. A stabilized useful protein composition according to Claim 36, wherein the metal chelating agent is tetraethylene- 
diaminetetraacticacid. 

42. A stabilized useful protein composition according to Claim 19. wherein the canine interferon-y is purified by a cation 
is exchanger after treatment with a quaternary ammonium salt in the production of the canine interferon^ using 

recombinant Bombyx mori nuclear polyhedrons viruses subjected to gene recombination with DIMA coding for the 
protein of canine interferon-y. 

43. A stabilized useful protein composition according to Claim 42, wherein the cation exchanger comprises sulfopropyl 
20 sepharose. 

44. A stabilized useful protein composition according to Claim 19, wherein the canine interferon-y is obtained by treat- 
ing, under acidic or alkaline conditions, recombinant vaculoviruses contained in the culture supernatant of insect 
cultured cells infected with recombinant vaculoviruses, which are subjected to gene recombination with DNA cord- 

25 ing for the protein of the canine interferon-y or the hemolymphal extract of Bombvx mori larvae infected with the vac- 
uloviruses. 

45. A stabilized useful protein composition according to Claim 44, wherein the acid used for treatment under the acidic 
conditions is at least one selected from hydrochloric acid, sulfuric acid, acetic acid, phosphoric acid, and formic » 

30 acid. 

46. A stabilized useful protein composition according to Claim 44 or 45, wherein the acidic conditions include a pH of 
3 or less. 

35 47. A stabilized useful protein composition according to Claim 19, comprising canine interferon-? obtained by treating 
biologically inactivated canine interferon^ at a pH of 6 to 8 and a low temperature. 

48. A stabilized useful protein composition according to Claim 47, wherein treatment at a low temperature is treatment 
at 15°Corless. 

40 

49. A stabilized useful protein composition according to any one of Claims 44 to 48, wherein the gene recombinant vac- 
uloviruses are recombinant Bombyx mori nuclear polyhedrosis viruses subjected to gene recombination with DNA 
having the sequence of Sequence No. 51 . 

45 50. A stabilized useful protein composition according to Claim 1 9, comprising canine interferon-y obtained by irradiat- 
ing, with ultraviolet rays in a flow system, a culture supernatant of Bombyx mori cells infected with recombinant vac- 
uloviruses, or the larva hemolymph of Bombyx mori infected with recombinant vaculoviruses. 

51. A stabilized useful protein composition according to Claim 50, wherein a metal chelating agent is added to the cul- 
so ture supernatant of Bombyx mori cells infected with recombinant vaculoviruses, or the larva hemolymph of Bombyx 

mori infected with recombinant vaculoviruses. 

52. A stabilized useful protein composition according to Claim 51 , wherein the wavelength of the ultraviolet rays is 200 
to 300 nm. 

65 

53. A stabilized useful protein composition according to Claim 51, wherein the metal chelating agent is ethylenedi- 
antine tetraacetic acid or an alkali metal salt of ethylenediamine tetraacetic acid. 
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54. A stabilized useful protein composition according to Claim 53, wherein 0 .1 mM to 100 mM of metal chelating agent 
is added to the culture supernatant of Bombyx mori cells infected with recombinant vaculovi ruses, or the larva 
hemolymph of Bombyx mori infected with recombinant vaculoviruses. 

5 55. A stabilized useful protein composition according to Claim 53, wherein 1 mM to 10 mM of metal chelating agent is 
added to the culture supernatant of Bombyx mori cells infected with recombinant vaculoviruses, or the larva hemo- 
lymph of Bombyx mori infected with recombinant vaculoviruses. 

56. A stabilized useful protein composition according to Claim 19, comprising canine interferon-y recovered from a cul- 
10 ture supernatant of culture of Escherichia coli subjected to gene recombination with DNA coding tor proteins of 

canine interferon-?, and having resistance to isoleucine antimetabolite and the ability to secrete the protein accu- 
mulated in the periplasm into the culture supernatant. 

57. A stabilized useful protein composition according to Claim 56. wherein Escherichia coli is TI41 strain (FERM P- 
15 16798) or TI139 strain (FERM P-16797). 
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